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INTRODUCTION 
Perpetuation of wildlife species-populations depends 
upon the maintenance of habitat to which they are adapted 
for growth, survival, and reproduction. Changes over time in 
the quantity and quality of habitat must be within a species' 
range of tolerance in terms of the ability of individuals to 
both obtain life requisites (such as food and cover) and 
compete with individuals of other species (Pianka 1978). 
Habitat dynamics in agricultural areas are closely tied to 
land use. Changes in agricultural land use that affect wild­
life populations have occurred in Iowa and other midwestern 
states following the introduction of exotic game birds in the 
early 1900s. In Nebraska, Taylor et al. (1978) documented a 
decline in pheasant (Phasianus colchicus) populations from 
1955 to 1976 that was associated with the loss of noncropland 
areas and a shift in crop types from pasture, hay, and small 
grains to row crops, with rates of change higher from 1964 to 
1976 than from 1955 to 1964. 
Mohlis (1974) found that similar changes occurred in 
north-central Iowa from 1938 to 1973, with an increased rate 
of change since the mid-1950s. A 79% increase in land area 
planted to row crops from 1939 to 1972 was primarily because 
of a nearly 10-fold increase in soybean (Glycine max) area, 
while corn (Zea mays) area increased only 14%. Alfalfa 
(Medicago sativa) largely replaced other types of hay crops. 
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but the area devoted to all types of hay decreased 56%. 
Pheasant nesting habitat decreased 44%, with reduced area 
in oats (Avena sativa), clovers, wetlands, and undisturbed 
grasslands; winter cover decreased 33%, primarily because 
of reduced area in farm groves and wetlands. 
Accompanying these trends in agricultural land use, 
pheasant populations have decreased in north-central and 
northwest Iowa since the mid-1960s (Farris et al. 1977). 
However, gray partridge (Perdix perdix) populations in this 
region have increased, according to Iowa Conservation 
Commission harvest estimates and spring and August roadside 
surveys (Farris and Schwartz 1974). 
In the Great Plains region of the United States and 
Canada, gray partridge populations are typically associated 
with open agricultural land, especially small grain cultiva­
tion interspersed with native grassland or hay and pasture-
lands (johnsgard 1973). Occupying the extreme southeastern 
portion of the species' range in this region, Iowa supports 
populations of partridge on lands that are dominated by row 
crop cultivation. Gray partridge were successfully introduced 
from Europe into north-central Iowa in 1910 (Leopold 1931). 
Exhibiting relatively little range extension since that time, 
partridge populations currently occupy most of the northwest 
quarter of the state (Leopold 1931, Farris and Schwartz 1974). 
Traditionally, the status of the gray partridge as a 
game bird in North America has been secondary to that of the 
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pheasant (Johnson 1964). If trends in abundance of these 2 
species continue, the gray partridge may replace the pheasant 
as the primary upland game bird in northern Iowa and in other 
areas of intensive row crop agriculture; a similar trend in 
relative abundance of the 2 species has been found in 
southern Minnesota (Mettler 1977). 
In an effort to learn more about gray partridge ecology 
and management potential in Iowa, a 3-year study was initiated 
in 1975. The objectives of the study were to estimate 
reproductive effort and success of a partridge population in 
north-central Iowa, to determine seasonal distribution and 
movements of a marked seimple of partridge relative to avail­
able habitat types, and to compare partridge use of cover for 
nesting with that of pheasants. The ultimate goal of this 
research is to contribute information that can be applied 
in the management of gray partridge populations for public 
use and enjoyment. 
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LITERATURE REVIEW 
Taxonomy and Distribution 
The taxonomic position of Perdix perdix has been 
evaluated and summarized by Johnsgard (1973). The species is 
classified in the order Galliformes, family Phasianidae, 
subfamily Phasianinae, and tribe Perdicini. Although most 
commonly known as the gray partridge, other vernacular 
names include the Bohemian partridge, English partridge, 
European partridge, Hungarian partridge, Hun, and Hunkie 
(Johnsgard 1973). 
The gray partridge is a western Palearctic species; its 
native range includes western Europe from northern Portugal 
and central Spain to the British Isles and north to central 
Scandinavia, east to central Siberia, and south to Turkey and 
Iran (Dement'ev and Gladkov 1967, Witherby 1941). Within its 
native range, 10 subspecies are recognized by Witherby (1941), 
7 by Dement'ev and Gladkov (1967). P. £. perdix (the central 
European gray partridge or common partridge) occupies the 
British Isles and west-central and northwestern Europe. 
Morphologically, the sexes are similar in general physical 
appearance. Adults are 30-34 cm long and weigh 375-450 g; 
females are somewhat smaller than males (Dement'ev and Gladkov 
(1967)". Females may be distinguished from males by having 
scapulars and median wing coverts with relatively wide 
rachis-stripes and 2 to 4 crossbars; males have darker 
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feathers with narrow stripes and no crossbars (Witherby 
1941). Immatures retain the 9th and 10th primaries of their 
juvenal plumage through their 1st year of life; these pri­
maries are usually lighter in color and more pointed than 
corresponding adult primaries (Witherby 1941). The 2 outer 
primary coverts of the juvenal plumage are also retained, and 
the 9th covert is usually pointed rather than rounded and 
rarely edged with white at the tip as is typical in adults 
(Petrides 1942). Young birds may also be distinguished from 
adults up to 1 January by noting the presence or absence of 
the bursa of Pabricius, which is present only in juveniles 
(Gower 1939, McCabe and Hawkins 1946). 
Subspecies are distinguished by geographic location and 
slight differences in size and coloration. Subspecific taxon­
omy of gray partridge populations is often uncertain because 
the geographical ranges of several groups overlap and because 
subspecies have been mixed through the stocking of wild-trap­
ped and artificially propagated birds (Dement'ev and Gladkov 
1967, Witherby 1941). 
Following a long history of introductions into North 
America beginning in the late 18th century (Phillips 1928), 
gray partridge populations are now established in southern 
Canada and the northern United States (Johnsgard 1973). 
Besides the problem of identifying subspecies in their native 
range, the determination of subspecific status of North 
American populations is also hampered by the unknown origin 
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of many of the introductions; stocking programs were not 
always recorded, especially when conducted by private indi­
viduals (Leopold 1931, Phillips 1928). Consequently, 
Johnsgard (1973:475) states that "the North American popula­
tion was probably derived from stock representing several 
different geographic races." However, the 5th edition of the 
A. O. U. checklist of North American birds lists P. perdix 
as the subspecies of gray partridge found in North America 
(American Ornithologists' Union 1957). According to records 
that have been obtained, gray partridge were imported into 
North America from stock obtained from England, Czechoslo­
vakia, and Hungary (American Ornithologists' Union 1957, 
Phillips 1928), all countries in which P. £. perdix was most 
likely the subspecies obtained. 
There are 4 fairly distinct regions in North America 
where gray partridge populations currently exist (Johnsgard 
1973). In the Pacific Northwest region, gray partridge 
occupy the eastern halves of Washington and Oregon, extreme 
northeastern California, northern Nevada, extreme northwestern 
Utah, and the southern half of Idaho. The range of the 
species has retracted in this region; formerly it included 
southern British Columbia, and birds are much less common or 
absent in southern and eastern portions of the region. 
The Great Plains region represents the largest area of 
contiguous gray partridge range in North America (Johnsgard 
1973). The range of the bird in this region extends from the 
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southern halves of Alberta and Saskatchewan and southwestern 
Manitoba southward to the eastern two-thirds of Montana, 
northwestern Wyoming, all of North Dakota, the northern half 
of South Dakota, western and southern Minnesota, and north­
western Iowa. Once established, the partridge range has 
remained stable in this region. In Iowa, Green and Hendrick-
son (1938) reported that gray partridge had not extended their 
range beyond the north-central and northwestern part of the 
state. Leopold (1931) showed that partridge occurred in 15 
northern counties of Iowa in 1929. Expansion southward and 
westward resulted in occurrence records of the species in 29 
counties in the northwestern quarter of the state by 1973 
(Farris and Schwartz 1974). 
The third region of gray partridge range in North 
America is the Great Lakes area, which includes eastern 
Wisconsin, southeastern Michigan, northeastern Illinois, 
eastern Indiana, western Ohio, northeastern New York, and 
southeastern Ontario (Johnsgard 1973). Partridge populations 
have changed or expanded their range in some parts of this 
region, while in other areas ranges have retracted. In 
Michigan (Dale 1942) and Ohio (Westerskov 1956), the area 
occupied by partridge decreased substantially from 1930 to 
the early 1940s. If populations exist at all in these states, • 
their current range is probably very restricted or spotty 
(Johnsgard 1973). Wright (1966) reported that, although 
partridge populations had declined in Indiana since the 1930s, 
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their range, encompassing the eastern two-thirds of the 
state, had remained fairly stable. The primary range of gray 
partridge in New York and Ontario is currently along the 
Ontario-St. Lawrence Valley and the northern Champlain Valley 
(DeGraff 1977). Godfrey (1966) estimates that most of the 
area south of 49 degrees north latitude in eastern Canada is 
occupied by gray partridge. Farris (1966) reported that gray 
partridge had spread westward, southwestward, and southward 
from the northeast corner of Illinois since 1943, and that 
the current distribution of the species includes the northern 
quarter of the state. In Wisconsin, partridge range has both 
expanded and changed. Primary range of the species was for­
merly in southeast Wisconsin (McCabe and Hawkins 1946). Cur­
rently, the primary range lies in east central Wisconsin on 
Lake Michigan red clay soils, and populations continue to ex­
pand their range in the central and southwestern parts of the 
state while diminishing in the southeast (Dumke 1977). 
The fourth region of gray partridge range in North 
America includes Prince Edward Island, southern New Brunswick, 
and Nova Scotia (Johnsgard 1973). In this region of relative­
ly restricted and discontinuous range, documentation of the 
existence of partridge has not occurred since the late 1920s 
(Tufts 1927, Willis 1927), and the current status of partridge 
populations and their distribution is unknown for the region. 
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North American Introductions 
Gray partridge were first introduced into the United 
States in the late 18th century when Richard Bache, son-in-law 
of Benjamin Franklin, stocked his plantation along the 
Delaware River in New Jersey (Phillips 1928). Subsequent 
releases were made in all of the Atlantic Coast States 
throughout the 19th and early 20th centuries, but the greatest 
rate of stocking occurred from 1902 to 1914 (Phillips 1928). 
In the eastern states, release efforts were greatest in 
Connecticut, Pennsylvania, and New Jersey. Although birds 
persisted for 8 to 10 years in some places, gray partridge 
had essentially disappeared from the eastern states by 1920 
(Phillips 1928). 
Later introductions in eastern North America were less 
extensive and partially successful. From 1926 to 1940, more 
than 34,000 gray partridge were stocked in Pennsylvania 
(Gerstell 1941). Pennsylvania plantings were successful in 
areas of rich soils where small grain agriculture predominated, 
and a hunting season was held in 1939 (Gerstell 1941). How­
ever, gray partridge populations decreased in Pennsylvania 
after the early 1940s, and the state is no longer included in 
the species range (Johnsgard 1973). From 1927 to 1932, approx­
imately 27,750 gray partridge were stocked throughout the 
state of New York (Brown 1954). Populations became estab­
lished and currently exist in an area of about 3,000 square 
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miles (8,000 km^) in the St. Lawrence River Valley and East 
Lake Ontario Basin, but plantings in other parts of the state 
were not successful (Bump 1941, Brown 1954, DeGraff 1977, 
Wilson 1959) . Partridge•establishment in New York was most 
successful in areas where soils were of limestone origin, a 
high proportion of cropland was in grain, dry weather pre­
vailed during late spring and summer, suitable cover was 
present, hunting pressure was light, and pheasant densities 
were low (Brown 1954, Wilson 1959). Hunting seasons were 
opened for gray partridge in New York beginning in 1952 
(Wilson 1959) . Population decrease was associated with the 
abandonment of farmland in the St. Lawrence Valley, and by 
1964 partridge occupied about 60% of their former range; by 
1971, the hunting season was closed (DeGraff 1977). The ori­
gin of partridge found in southern Ontario and adjacent areas 
of Quebec is not well-known, but most of the populations prob­
ably developed from immigration of birds from New York (Brown 
1954, Johnsgard 1973)- Partridge populations occupying Prince 
Edward Island, southern New Brunswick, and Nova Scotia origin­
ated from birds that were transported from central Europe in 
the late 1920s (Johnsgard 1973, Tufts 1927, Willis 1927). 
From 1907 to 1910, approximately 12,000 gray partridge 
were released in Indiana (Leopold 1931). Populations rose 
to peak numbers in the drought years of the 1930s (Wright 
1966). Wright (1966) attributes the decrease in population 
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densities since the 1930s to losses of nesting cover caused by 
modern farming practices. In Ohio, a total of 17,420 par^ 
tridge were imported from central Europe (primarily Czecho­
slovakia) and released in all parts of the state between 1909 
and 1940 (Westerskov 1956) . Hicks (1941) reported that no 
introduced game bird had ever become established in the south­
ern part of the Ohio Valley, but gray partridge became estab­
lished in western and northwestern Ohio, which was typical of 
the intensively cultivated portions of the Ohio Valley and 
lower Great Lakes region. Partridge densities were high dur­
ing the 1930s in Ohio, but populations decreased drastically 
in the late 1940s (Westerskov 1956). Westerskov (1949) re­
ported that a general decrease in gray partridge populations 
in the Great Lakes region during the late 1940s was related 
to unfavorable climate, large farms with few fence rows, and 
high nest mortality caused by hay mowing. Westerskov (1949) 
also suggested that competition with pheasants and lack of 
adaptation of the original European stock to the lower Great 
Lakes environment may limit partridge populations. Between 
1910 and 1930, more than 2,000 partridge were introduced into 
the southern half of Michigan without success (Ruhl 1941, Dale 
1943). Beginning about 1916, partridge immigrated from Ohio 
and Indiana to become established on lake bed soils of south­
eastern Michigan (Dale 1942). Densities of this population 
increased from 1930 to 1936 and then decreased markedly 
12 
through the late 1930s and early 1940s (Dale 1942). Con­
current with this decrease in numbers was an increase in 
pheasant densities on the heavy lacustrine soils and a greater 
concentration of partridge on rolling uplands with light­
er-textured soils (Dale 1942). Dale (1942) concluded that the 
increase in pheasants and decrease in partridge on the lake 
bed soils in the late 1930s was largely influenced by high 
summer precipitation during that period, and that the early 
success of gray partridge in southeastern Michigan was made 
possible by a succession of years with less than average 
rainfall. Dale (1942) further reported that observations of 
game farm birds showed that even a small amount of rainfall 
can be fatal to young partridge, while pheasant chicks can 
tolerate severe wetting if temperatures are not too low. 
Other investigators have shown that partridge in general do 
not occur on heavy clay soils, and that low chick survival 
can be expected in years of cold or wet summers (Blank and 
Ash 1958, 1962, Cartwright 1944, Gates 1973, McCabe and 
Hawkins 1946, Middleton 1935, Middleton and Chitty 1937, 
Wright 1966, Yeatter 1934). Consequently, Dale (1942) 
further concluded that gray partridge are not likely to be­
come permanently established in areas of high summer rainfall, 
and introductions of the bird into such areas should not be 
attempted. Over 12,000 gray partridge were released in 
Illinois from 1906 through 1927 (Leopold 1931). The locations 
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of most of the releases are unknown, but a partridge popula­
tion had become established in the northeastern corner of 
Illinois by 1929 (Leopold 1931, Farris 1966). This popula­
tion may have originated, in part, from birds stocked in 
southeastern Wisconsin (Farris 1966). More than 6,000 gray 
partridge were stocked in Wisconsin during the period 1908 
to 1946 (McCabe and Eawkins 1946). Populations became estab^ 
lished and spread, and by 1937 the species occupied a 7,000 
2 
square mile (18,130 km ) area of southeastern Wisconsin 
(Leopold 1940). Land use in this area consisted of diversi­
fied farming and dairying, and soil types ranged from silt 
loam to red clay; partridge failed to spread into the sandy 
counties northwest of the area of introduction (Leopold 1940, 
McCabe and Hawkins 1946). Northward spread of gray partridge 
in Wisconsin occurred between 1944 and 1954 on the red clay 
soils along Lake Michigan, and partridge increased in the 
east-central counties as populations decreased in the south­
east (Dumke 1977). Thus, introduction of the gray partridge 
into Wisconsin was quite successful, and, with the exception 
of 1946 and 1963, a hunting season has been open in the state 
each year since 1932 (Dumke 1977). 
First introductions of the gray partridge in the Pacific 
Northwest region occurred in California in 1877 (Phillips 
1928). From 1907 to 1912, the state of California purchased 
over 3,500 partridge, 1,000 of which were kept for propagation 
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on game farms CYocom 1943). No birds were raised on the game 
farms, however, and all or most of the releases throughout the 
state failed. The state of Washington first introduced gray 
partridge in 18â7 CTpcom 1943). This effort failed, but re-^ 
leases between 1906 and 1915 in eastern Washington were sue? 
cessful, and partridge became established over a wide semiarid 
area of siltrloam loess soils and wheat fields interspersed 
with cool season bunchgrass prairie or sagebrush CArtemisia 
spp.) CYocom 1943}. Birds were also released in western 
Washington beginning in 1907; in this area of heavy clay soils 
and humid conditions, releases were much less successful al­
though isolated populations existed at least into the early 
1940s (Bent 1932, Yocom 1943). Gray partridge were intro­
duced into western Oregon in 1900 and into eastern Oregon in 
1912 (Masson and Mace 1965). Results of the liberations in 
Oregon were similar to those in Washington; only a few iso^ 
lated populations persisted in the comparatively wet Willa? 
mette Valley of western Oregon, while populations spread and 
became well established on the bunchgrass and sagebrush foot^ 
hills in the central and eastern portions of the state adja­
cent to wheat and other farmlands (Bent 1932, Masson and Mace 
1965). Gray partridge first appeared in Idaho in the early 
1900s probably through immigration from Oregon and Washington 
(Mendel and Peterson 1977, Yocom 1943). From 1922 through 
1925, the Idaho Fish and Game Commission purchased 1,351 
15 
partridge, mainly from England, and released them in southern 
Idaho (Mendel and Peterson 1977). Partridge were also trapped 
in northern Idaho and transplanted in southern Idaho several 
times between 1941 and 1964. The species did not persist in 
the southern part of the state, but populations became 
well-established in northern Idaho prior to 1926 in habitat 
similar to that of eastern Washington (Mendel and Peterson 
1977). Partridge were introduced into southern British Co­
lumbia and on Vancouver Island in 1904, and birds probably 
drifted into the interior valleys of British Columbia from 
Washington (Yocom 1943, Phillips 1928) . The species did not 
persist however, and probably no longer exists in the province 
(Johnsgard 1973). 
Gray partridge were introduced into northwestern Nevada 
at least as early as 1932 (Gullion and Christensen 1957). 
The species became established and spread eastward reaching 
greatest abundance in the northeastern part of the state in 
the mid^l940s, but populations decreased following a severe 
winter in 1948-1949. In Nevada, gray partridge are associated 
with riparian habitat, being found along stream bottoms and 
near pastures and hayfields where willows (Salix spp.), berry 
bushes, and grasses are abundant (Gullion and Christensen 
1957). Beginning in 1912, over 650 partridge were introduced 
into 9 counties of Utah without success (Porter 1955). The 
population, as of 1955, originated from immigration of birds 
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from Nevada and the Snake River Drainage of Idaho spreading 
into the state at the rate of 7.5 to 11.0 miles (12.1 to 
17.7 km) per year from 1941 to 1964 (Porter 1955). Popula­
tions are confined to outer portions of the northwestern 
counties, with the Great Salt Lake, Great Salt Lake desert, 
and mountains limiting spread southeastward. Free water is 
required in the dry desert areas of Utah, and highest par­
tridge densities are found where hay and grain fields adjoin 
streams; sagebrush usually occurs next to the croplands 
(Porter 1955). Porter (1955) suggested that streams may have 
been used as natural expansion ways from Idaho into Utah. 
Partridge distribution in much of Utah may be limited by high 
temperatures in June and July or by summer rainfall in the 
form of heavy showers. In Utah, partridge are most commonly 
found at 5,000 to 6,000 feet (1,524 to 1,829 m) above mean sea 
level, although they range from 4,300 to 8,000 feet (1,311 to 
2,438 m) ; cool, dry summer weather at higher elevations should 
benefit partridge populations, but deep winter snows may 
offset any advantage of summer climate (Porter 1955). 
One of the most spectacular success stories in the 
history of game bird introductions into North America is 
represented by the early releases of gray partridge into 
Alberta (Edminster 1954, Leopold 1933, Rowan 1927). A sports­
man's group imported 200 pairs of gray partridge from Hungary 
and released them in southern Alberta near Calgary in 1908 
17 
and 1909 (Rowan 1927) . Within 5 years, the species had 
spread throughout southern Alberta and into Saskatchewan. By 
1922, partridge first reached Valor, Saskatchewan, a distance 
of 400 miles in 14 years (Leopold 1933). The first Alberta 
hunting season for gray partridge was held in 1913 with a 
daily bag limit of 5 birds and 25 for the season; by 1942, 
Alberta hunters were allowed to bag 20 partridges per day and 
250 for the season (Johnson 1964). In 1923, the Northern 
Alberta Game and Fish Protection League obtained 230 par­
tridge from an Alberta game farm and released them in the cen­
tral part of the province. The Alberta Department of Agri­
culture liberated 100 birds near Edmonton in 1923 and 1924; 
these birds were trapped in the wild in Alberta (Rowan 1927) . 
All of the Alberta releases appeared to be successful, and 
the gray partridge is now widely distributed in Alberta in 
close association with nearly all arable lands that are cul­
tivated from the prairies in the south through the central 
aspen parkland to the mixed boreal forest in the north 
(Wishart 1977). Alberta partridge are most commonly associat­
ed with the large wheat fields of the southern prairie region, 
but the species was introduced into the aspen parklands of the 
Peace River area in 1957 and in 1961, and as of 1977, small 
numbers of birds persisted in the area (Wishart 1977). Par­
tridge populations rapidly became established and spread 
throughout the southern half of Saskatchewan (Johnson 1964) . 
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Initial stock immigrated from Alberta, and Saskatchewan 
officials never found it necessary to engage in release pro­
grams. The first open season in Saskatchewan was held in 
1927. Eighty partridge were released in Manitoba in 1924 
(Phillips 1928) , but establishment of the species in Manitoba 
has been attributed to spread from the Alberta plantings 
(Johnson 1964, Leopold 1933). Manitoba first opened a season 
on partridge in 1931. 
Montana also benefited from the Alberta program; in 
addition, the state initiated a stocking program in 1921 
with the purchase of 600 partridge from central Europe 
(Johnson 1964, Weigand 1977). Gray partridge had been stocked 
into every county in Montana by 1926, and the species was 
firmly established in the state by 1927 with highest popula­
tion densities occurring in areas of small grain cultivation 
and livestock grazing (Weigand 1977). The first open season 
in Montana took place in 1929, and in the 44 succeeding years, 
in which there were 7 years with closed seasons, most of the 
partridge harvest occurred in north-central and northeast 
Montana (Weigand 1977). No records of partridge introductions 
into Wyoming were found; northwestern Wyoming was probably 
colonized by birds from Montana (Johnsgard 1973). 
Hammond (1941) reported that private citizens first 
introduced gray partridge into North Dakota when 40 birds were 
released in 1915, although Johnson (1964) stated that the 
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number stocked was 50 pairs. Wild partridge were first ob­
served in the northwestern counties of North Dakota in 1923; 
these birds probably originated from Alberta plantings spread­
ing to North Dakota via Saskatchewan or Montana CJohnson 
1964). From 1924 to 1934 more than 7,500 partridge were 
stocked throughout North Dakota (Johnson 1964). The stocking 
program in North Dakota was quite successful, and by 1940 
gray partridge were established throughout the state (Johnson 
1964). The first open season for partridge in North Dakota, 
was held in 1934, and peak population densities were reached 
in the early 1940s (Johnson 1964). Although large annual 
fluctuations in numbers have occurred, gray partridge have de­
creased in abundance in North Dakota from the late 1940s to 
the mid-1970s (.Johnson 1964, Wiehe 1977). Approximately 3,000 
pairs of gray partridge were planted in South Dakota between 
1923 and 1941 with most early introductions in the northeast­
ern corner of the state (Roth 1977). The first open season 
for partridge in South Dakota was held in 1937 in the 2 ex­
treme northeastern counties (Johnson 1964) . Partridge popu-r 
lations increased and spread throughout South Dakota up to 
the 1940s followed by a decreasing trend in abundance into the 
1970s (Roth 1977). As of the late 1970s, partridge could be 
found throughout South Dakota except for the Black Hills area, 
but the most stable populations existed in the north^central 
to northeastern tier of counties and in the southeastern 
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corner of the state CRoth 1977) „ 
Gray partridge were first introduced into Minnesota by 
the Hennepin County Sportsman's Club in the early 1920s 
(Mettler 1977). Private groups and the State Department of 
Conservation released over 13,000 partridge in Minnesota 
between 1926 and 1930 (Leopold 1931). These releases were 
generally successful, and partridge populations became es­
tablished in the western and southern agricultural sectors of 
the state (Mettler 1977). Dispersal of birds from North 
Dakota, South Dakota, and Iowa also contributed to the estab­
lishment of Minnesota populations (Leopold 1931, Johnson 
1964). The first open season for partridge in Minnesota was 
held in 1939 (Johnson 1964). Statewide partridge populations 
increased through the 1940s, decreased from the early 1950s 
to the late 1960s, and then increased from 1970 through 1977 
(Mettler 1977). These partridge population trends were in­
versely related to trends in Minnesota pheasant populations 
over the same period of years (Mettler 1977). 
Establishment and spread of gray partridge in Iowa has 
not been well-documented. First introductions occurred in 
north-central Iowa in 1910, but details of locations and 
numbers of birds liberated were not recorded (Leopold 1931, 
Green and Hendrickson 1938). Spiker (1929) reported that 12 
pairs of partridge were released in Osceola County in north­
western Iowa in the spring of 1913. In 1914, 6,000 partridge 
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were liberated in Iowa, but distribution of the plantings is 
not known (Green and Hendrickson 1938) . At least some of 
these releases were successful, and partridge populations 
became established in north-central Iowa by the 1920s CLeopold 
1931, Spiker 1929). Green and Hendrickson (1938) reported 
that populations were fairly stable in northr-central Iowa 
following initial establishment, but densities were not high, 
and range expansion was slow. Populations appeared to in­
crease in the late 1930s; from 1935 to 1938, fall densities 
rose 389% on a 4,900-acre (1,938 ha] study area in Winnebago 
County, north-rcentral Iowa (Green and Hendrickson 1938) . The 
first hunting season for partridge in Iowa was held in 1938 
in 11 northern counties (Parris et al. 1977). Relatively 
low-density populations were sustained from the 1940s to 
inid-196Q.s in north central and northwestern Iowa. In terms 
of Iowa State Conservation Commission pheasant survey regions, 
partridge range encompassed the northern half of the Western 
Livestock region and most of the Cash Grain region (Parris 
and Schwartz 1974). Bishop et al. (1977:10) stated that "the 
decline In pheasant populations after the severe March 1965 
blizzard coincided with a rise in partridge numbers and an 
increased interest in this bird by sportsmen." Partridge 
continued to increase as pheasant numbers decreased in north­
ern Iowa into the 1970s as indicated by Conservation Commis­
sion roadside survey and harvest statistics (Bishop et al. 
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1977, Ferris and Schwartz 1974). This decline in pheasant 
population in northern Iowa has been attributed to increas­
ing intensity of row crop agriculture, primarily in the Cash 
Grain region, with accompanying losses of nesting and winter 
cover (Parris et al. 1977, Mohlis 1974). Thus, trends in 
abundance of partridge and pheasants in northern Iowa for the 
1960s and early 1970s are similar to population trends of 
these species in Minnesota. 
Other states in the Great Plains region have engaged in 
gray partridge stocking efforts, but without success. Par­
tridge were introduced into Kansas in 1906 (Phillips 1928) 
and throughout the state of Missouri in 1910 and 1911 
(Leopold 1931) . Partridge were introduced into Colorado, 
apparently without success, in 1910 (Evans and Sandfort 1969). 
Partridge were first introduced into Nebraska in 1907 
(Phillips 1928), and from 1929 to 1931 more than 1,600 birds 
were released throughout the state; all of these efforts 
failed (Wolfe 1977). 
Successful introductions into several states and 
provinces in the early 1900s led to great interest in the 
bird by American sportsmen and the initiation of stocking 
programs throughout the United States; several states devel­
oped game farm programs to avoid high costs of transporting 
partridge from Europe (Gordon 1935, Laycock 1966, Edminster 
1954, Yeatter 1934). By the early 1930s, approximately 
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270,000 partridge had been imported into the United States at 
a cost of over a million dollars (Gordon 1935). Estimates of 
the nximber of states where gray partridge were released in­
clude 41 CYocora 1943), 42 (Laycock 1966), and 46 (Westerskov 
1964). Many of these introductions failed, and partridge 
currently exist in, at most, 18 states and 5 Canadian prov­
inces CJohnsgard 1973). 
In general, plantings were most successful in the Pacific 
Northwest, north^central United States, and south-central 
Canada with complete failure in the southern United States. 
Laycock (1966) stated that gray partridge thrived only in 
fertile agricultural regions where small grains provided 
food and cover. Yeatter (1934) reported that partridge had 
succeeded best in the northern part of the Midwestern corn 
belt and in the small grain sections of the Northwest, and, 
in general, all plantings failed south of 40 degrees north 
latitude. Westerskov (1964) stated that partridge populations 
cannot be sustained south of the 42nd parallel. 
Yeatter (1934) compared climate and soil characteristics 
of partridge range in Europe and North America, and concluded 
that the widespread failure of plantings in the southern 
United States could not be accounted for by any single factor. 
Partridge seem to prefer the kind of cover afforded by crops 
and crop residues and well-drained areas, but they have been 
found under a wide variety of soil types and topography; they 
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do not occupy swamp lands unless these have been drained. 
Although partridge do not seem well^adapted to hot, dry cli­
mates, populations exist in regions with warmer temperatures 
than many areas in the United States where introductions 
failed. Yeatter C1934) found that regions of heavy rainfall 
during the hatching period (June and July) are less favorable 
to partridge populations than regions of moderate rainfall, 
but level of precipitation could not explain all of the 
planting failures in the United States. 
Leopold (1931) also noted the general failure of par­
tridge introductions into the southern United States, but he 
concluded that latitude was not the only controlling factor 
since failures have also occurred in northern areas that are 
similar to areas where the species has become established. 
Leopold (1931) also noted the general lack of success of 
pheasant introductions in the United States south of the 39th 
parallel. 
Based on his analysis of partridge and pheasant intro­
ductions, Leopold (1931) suggested that the existence of wide­
spread zones of success and failure in the north-central 
states was related to regional differences in soils. He ob-<~ 
served that successful plants of both pheasants and partridge 
were within the boundary of the Wisconsin glacier or were con­
fined to soils of recent glacial origin. A newly established 
population of partridge was discovered on unglaciated soil 
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in west-central Wisconsin, but the long term status of that 
population was unknown at the time of Leopold's survey. 
Susequent studies dealing with partridge range in Wisconsin 
have not shown populations to exist in the west-central area 
described by Leopold [Dumke 1977, McCabe and Hawkins 1946). 
Leopold postulated that fresh glacial soil contained lime, 
grit, or other nutrients, or supported particular vegetation 
that was necessary for long—term survival of the birds. 
Westerskov C1949) suspected that regional differences in 
the success of partridge plants were tied to the ecotypes or 
ecological races used for importation. He pointed out that 
most of the partridge stock came from Czechoslovakia and 
Hungary, not because these birds were necessarily considered 
the best stock, but because they could be obtained in good 
supply and purchased cheaply. Westerskov believed that par= 
tridge from these countries (probably P. p. perdix) were better 
adapted to the cooler and drier climate of southern Canada 
and the northern United States than to the warmer and more 
humid climate of the southern United States-
Areal differences in temperature and precipitation have 
been suspected as important factors causing region-wide 
differences in success and failure of gray partridge intro-^ 
ductions. Twomey (1936) used climographs to compare tempera­
ture-precipitation profiles between central European partridge 
range and selected areas in North America where partridge had 
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been introduced. He constructed climographs by plotting, in 
2-dimensions, monthly averages of temperature (vertical axis) 
and precipitation (horizontal axis) for central Europe where 
partridge were abundant. By connecting points of successive 
months, a polygon was formed on the graph. Climographs for 
sites of partridge introductions in North America were than 
superimposed on the European climograph to compare climatic 
profiles between ranges. Twomey (1936) found that climo­
graphs for California, Missouri, and New Jersey, where par­
tridge had failed to become established, differed from the 
European climograph. Although yearly averages of temperature 
and precipitation for these states were nearly identical with 
central European averages, points for the months of May to 
September (partridge reproductive season) fell outside the 
European polygon; California was too hot and dry, while Mis­
souri and New Jersey experienced too much rain and high tem­
peratures during the reproductive season. In southern Al­
berta and north-central Montana, where partridge flourished, 
points for the months of December to February were outside the 
European polygon; winter temperature averages were lower for 
Alberta and Montana than for central Europe. However, points 
for the months of nesting and brood rearing fell within the 
"European optimum" for Alberta and Montana. Twomey (1936) 
thus concluded that gray partridge can tolerate low winter 
temperatures, but temperature and rainfall conditions during 
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the reproductive season are critical to the establishment 
and maintenance of populations. 
Other investigators have used climographic analyses to 
evaluate the favorability of partridge range, all employing 
Twomey's (1936) original "European optimum" polygon as a 
basis for comparison. Cahn (1938), for example, concluded 
that gray partridge should not be introduced into the 
Tennessee Valley region because nearly all sites selected for 
study were too hot and, in most cases, too wet during the 
reproductive season. Farris (1966) found that the climatic 
averages for June, July, and August fell outside the European 
polygon for 5 sites in the partridge range of northern 
Illinois. He concluded that the maintenance of relatively 
low partridge densities was possible in Illinois with summer 
weather conditions influencing population fluctuations; cool, 
dry summers would probably result in higher population levels 
than hot, wet summers. McCabe and Hawkins (1946) reported 
that climatic conditions during the brood-rearing period fell 
outside the European optimum, for partridge range in Wisconsin, 
Michigan, and Ohio, where population densities were relatively 
low, while the climograph for eastern Washington, where par­
tridge populations were much higher, was well within the 
European polygon. McCabe and Hawkins (1946:8) thus concluded: 
"from these graphs it appears that winter departures which 
affect only adult birds are tolerated, but unless the summer 
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extremes which affect the survival of the young fall within 
the Twomey polygon, the species either fails or does not 
thrive." 
Climographic analysis served to identify the breeding 
season as a critical period affecting the distribution and 
abundance of gray partridge, but the causitive mechanisms 
underlying the climatic relationships were not identified. 
Yeatter (1934) found that egg spoilage occurred in preincu-
bated partridge clutches during a period of hot, dry weather 
in Michigan. He believed that high temperatures in some 
years causes poor hatchability, especially in late-season 
clutches. Bennitt and Terrill (1941) proposed that pheasant 
failures in southern states were caused by high ground tem­
peratures, which could have reached lethal levels for embryos 
in 75% of the nesting seasons studied. Besides affecting 
hatchability, high temperatures during the nesting season can 
place thermoregulatory demands on female birds, which can re­
sult in low egg production, low fertility, delayed time of 
nest initiation, or reduced period that hens remain in breed­
ing condition (Sturkie 1965, Kendeigh 1942). In a study of 
penned partridge in Finland, Kruger (1961) observed that fe­
males selected nest sites having moderate soil temperatures, 
abandoned nest sites that became too warm, and would not 
start incubation if nest temperatures were 25C or higher. He 
stated that the injurious effect of too-high preincubation 
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temperatures on eggs may determine the southern limits of 
partridge and other northern bird species. McCabe and 
Hawkins (1946) interpreted their climographs as indicating 
that the north-central states of Ohio, Michigan, and Wiscon­
sin were too hot during the nesting season. 
Gates (1973) proposed that excessive precipitation dur­
ing the post-hatching period of the nesting season may have 
a greater influence on establishment and densities of par­
tridge populations than excessive heat during the pre-hatch-
ing period. It has been shown in both North America (Gates 
1973, Dale 1942, Yocom 1943) and Europe (Blank and Ash 1962, 
Jenkins 1961b, Middleton 1935) that juvenile survival is 
generally high in years with warm summer weather, but low 
survival is expected in years with cool, wet weather during 
the early post-hatching period. Thus, Gates (1973:8) stated 
that "if in fact the climate of Wisconsin and other north-cen­
tral states is basically unfavorable to partridge reproduc­
tion, the hypothesis that rainfall is excessive seems better 
supported by available field evidence than by McCabe and 
Hawkins' original inference that temperature was the critical 
factor." 
Climate may indirectly affect the distribution and 
abundance of gray partridge through the influence that 
temperature and precipitation have on food availability and 
agricultural practices. With a decline in the biomass of 
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weed-dwelling insects following the use of herbicides in 
Great Britain, gray partridge chicks have become increasing­
ly dependent upon cereal aphids for food (Potts 1971). How­
ever, warm spring weather is necessary for adequate production 
of aphids at the time chicks need them. In addition, the 
biomass of insects required by partridge chicks increases 
with colder and wetter weather, and chicks that do not consume 
a sufficient quantity of insects are more susceptible to 
chilling during periods of adverse weather. Potts [1971) felt 
that these relationships provided a sufficient explanation 
for the significant positive correlation of chick survival 
rate with March to May temperature and mid-summer insect 
abundance. Dumke (1977) reported that in the cooler, drier 
areas of Wisconsin where gray partridge attain the highest 
densities, mowing of alfalfa occurs 7 to 10 days later than 
in the warmer, wetter areas. Partridge seem to prefer alfalfa 
fields for nesting in Wisconsin (Gates 1973, McCabe and 
Hawkins 1946), and a delay in mowing could contribute to in­
creased nesting success in the cooler and drier areas of the 
state. 
A primary concern when exotic species of wildlife are 
introduced is the impact of the introductions on resident 
species (Bump 1951). Soon after gray partridge became estab^ 
lished in Canada, concern was expressed by some sportsmen, 
landowners, and ornithologists that the new species was 
31 
displacing native sharp-tailed grouse (Pedioecetes phasianel-
lus) (Potter 1927, Taverner 1927). However, Rowan (1927) 
found that both sharp-tailed grouse and partridge were abun­
dant in Alberta at a time when sharp-tails were increasing 
in number following ai cyclic low. He pointed out that par­
tridge do not compete with prairie grouse species primarily 
because partridge releases were made in areas where grouse 
had already disappeared or were never abundant. Other authors 
have stated that, for the most part, partridge introductions 
in North America have been justified because the species has 
filled a "vacant niche" created by agricultural activities, 
which have caused major habitat alterations and displacement 
of native grouse species (Bump 1951, Hicks 1941, Laycock 
1966). 
Partridge may compete with pheasants, however. Land-r-
owners in northwestern Iowa expressed the belief that par­
tridge decreased in abundance with increases in pheasant num­
bers in the 1920s (Spiker 1929). Wright (1966) noted that in 
Indiana, partridge and pheasants occurred together only in 
areas with low pheasant populations. Leopold (1931:119), 
suggesting that the 2 species compete, stated that "the best 
Hungarian range is never the best pheasant range," and "the 
best pheasant range is never the best Hungarian range." 
The form of competition between partridge and pheasants, 
whether direct interference or exploitation (Pianka 1978), 
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has not be^-îî clearly identified. Gates (1973) found differ^ 
ences in habitat use between the 2 species on his study area 
in Wisconsin. Partridge tended to use uplands year-round, 
while pheasants abandoned uplands in the winter to move to 
wetland cover. Partridge were found to attain their highest 
densities in areas of minimum wetland area ï^ére pheasants 
were least numerous, and partridge were rarely found near 
wetland cover, and they did not nest in wetlands. Dale C1943), 
in Michigan, and Potts (1970), in Great Britain, observed 
similar patterns of use of upland and lowland sites between 
partridge and pheasants. However, as Gates (1973). acknowl­
edged, whether the general pattern of partridge distribution 
represents selective use of upland habitat or avoidance of 
areas of high pheasant density cannot Be stated. It has been 
suggested that pheasants may harbor a parasite or pathogen 
harmful to partridge that would be particularly detrimental 
where pheasant densities were high (Bishop et al. 1977). 
Potts (1970) observed that a decline of gray partridge in 
Great Britain was more severe in areas of high pheasant den­
sity. He suggested that the reason for dominance of the 
pheasant was that pheasant chicks consumed a greater diver­
sity of arthropod species and that pheasants inhabit a wider 
range of habitats than partridge. Nesting interference has 
been implicated as the most direct form of competition be­
tween partridge and pheasants. Pheasants are known to para­
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sitize the nests of ground-nesting birds (Bennett 1936)-
McCabe and Hawkins (1946) reported that parasitism by 
pheasants often led to failure of partridge nests. The rate 
of parasitism of partridge nests by pheasants is most com­
monly less than 10% (Bennett 1936, McCabe and Hawkins 1946), 
but Erringtcn and Hamerstrom (1938) found 7 of 26 partridge 
nests parasitized in Iowa in a drought year when nesting 
cover was limited. It is possible that rates of nest para­
sitism could be higher in areas of higher pheasant densities. 
Gray partridge are not believed to be nest parasites, but 
Hamerstrom (1936) reported that partridge eggs were found in 
pheasant nests on his study area in Iowa. However, McCabe 
and Hawkins (1946) observed a single instance of a partridge 
nest that was taken over by a hen pheasant. Partridge eggs 
may fail to hatch in mixed clutches because the incubation 
period is 2 days shorter for pheasants than for partridge 
(23 versus 25 days) (McCabe and Hawkins 1946). 
Habitat Use 
Open agricultural land is preferred habitat of gray 
partridge both in Europe and North America, although popula­
tion densities are highly variable among regions (McCabe and 
Hawkins 1946). Topography in typical partridge habitat is 
flat to gently rolling, and soils are usually highly fertile; 
extremely sandy or heavy clay soils are avoided (Johnsgard 
1973). Yeatter (1934) reported that mortality of young 
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partridge caused by "mudballing" of the legs and feet may 
limit populations oh heavy clay soils. In general, partridge 
habitat consists of a combination of cropland and herbaceous 
cover, particularly small grain crops or corn in association 
with native grasses, hayfields, or weedy herbaceous cover 
(Johnsgard 1973). Woody cover is seldom utilized; extensive 
wooded areas are avoided while brushy edges may be used for 
winter shelter, summer shading, and nesting. Partridge do not 
roost or perch in shrubs or trees. Murtha (1967) found sig­
nificant correlations between the number of partridge coveys, 
the number of birds per covey, and the percentage of active 
agriculture (cultivated crops, plus hay, plus pasture) among 
townships in Jefferson County, New York; the high density area 
contained 81% active agriculture. Blank (1960) reported that 
the highest pair density (1 pair per 4 acres) found on his 
study areas in England was obtained in regions where 75% of 
the land was in annual arable crops and 25% in grassland. 
Dumke (1977) found that the highest-density partridge range 
in Wisconsin was typified by small farm units with a high 
percentage of land under cultivation, relatively little wood­
land or wetland, and a cool, dry, summer climate. 
Summarizing the results of several studies, Edminster 
(1954) reported that partridge are primarily herbivorous 
except for the first few weeks of life when insects and other 
arthropods are consumed. Adults eat arthropods also, but 
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animal food exceeds 10% of the diet only in suiœaer. Vegetable 
food consists of waste grain, weed and native plant seeds, and 
green leafy material. Heaviest use of grains occurs in the 
fall and winter, but it rarely drops below 30% of the diet at 
any time of year. Waste grain is the primary source of food 
throughout the partridge range with wheat and barley the most 
important grains in Europe, Canada, and the northwestern 
United States, while corn and wheat are most eaten in the 
Midwestern United States. Green leafy material is consumed 
wherever it is available, usually in greatest amount in 
winter and early spring. Partridge do not require free water 
if succulent vegetation, dew, or insects are available. Grit 
is required all year long, but especially when partridge are 
feeding heavily on weed seeds and grain. 
Regional differences in population density of partridge 
appear to be associated with differences in habitat quantity, 
quality, and interspersion and with weather factors. These 
factors influence partridge populations primarily during the 
reproductive season with major effects on nesting success 
and (or) chick survival. Population densities in general seem 
to be highest in Europe, intermediate in Canada, and lowest 
in the United States. High temperatures and (or) high pre­
cipitation may prevent range extension of the gray partridge 
into southern portions of the United States. However, juven­
ile survival appears to be higher with warmer reproductive 
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seasons in England and in the United States (Jenkins 1961b, 
Gates 1973, Yocom 1943). 
On an intensively managed estate in England, where high 
partridge densities were maintained by predator control, pro­
tection from hunting, and habitat management, Jenkins (1961b) 
found that annual changes in production were chiefly a func­
tion of chick survival, which was low in years having cool, 
wet, and windy summer weather. However, the density of 
over-wintering and breeding partridge was primarily controlled 
by the suitability of their habitat; population density in 
optimum habitat was relatively constant, and surplus indi^^ 
viduals were forced to disperse to surrounding marginal habi­
tat. Spring population densities ranged from 1.0 to 5.4 
acres per partridge, and chick survival averaged 60%. High? 
est partridge densities were found in areas with relatively 
dense ground cover and interspersed grain, pasture, and hay-
fields separated by narrow hedges, which provided good nest^ 
ing cover (Jenkins 1961a) . Fields varied from 15 to 68 acres 
(6 to 28 ha) on Jenkins' study areas, and areas with smaller 
fields and consequently greater interspersion of cover types 
tended to have higher partridge densities. 
Based on their studies of gray partridge on several 
English estates, Middleton and Chitty (1937) characterized 
optimum partridge habitat as consisting of well-rdrained arable 
land in regions of low rainfall where a high diversity of 
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crops are grown. Partridge utilized such cropland types as 
small grains (wheat, barley, and oats), root crops (turnips, 
sugarbeets, and potatoes), hayland (grasses, clovers, and al^ 
falfa), and permanent pastures, small patches of idle land, 
and hedgebanks, composed of a variety of uncultivated grasses 
and forbs. Habitat that was considered most favorable for 
gray partridge occurred where crops were grown in small enough 
units CIO- to 20-acre fields) that adult partridge had a 
choice of several different crops within their daily cruising 
range. Although permanent grassland, which occurred on poor­
ly drained lowland sites, afforded a seasonally stable food 
and cover supply, partridge preferred the cultivated upland 
sites. With a diversity of crop types available, partridge 
were able to adapt to seasonal habitat change caused by agri­
cultural practices. Grainfields afforded chicks good protec­
tive cover from predators as well as ample insect food dur­
ing the summer, but cover needs of adult—sized birds in the 
fall and winter were not stringent; grain stubble, plowed 
fields, and hedge banks proved to be adequate. Fall foods 
were predominantly seeds and grain, while sugarbeet pulp was 
heavily consumed through much of the winter. Grass and green 
leaves formed much of the diet in late winter and spring, and 
flowers, buds, and arthropods were eaten in large amounts 
during the summer. Middleton and Chitty (1937) felt that 
management efforts to improve gray partridge habitat on the 
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areas they studied should be directed toward providing winter 
seed supplies for food. 
Nesting cover preferred by gray partridge in England 
includes grass or grass-forb ground vegetation on the site of 
a hedgerow, bank, or edge of a field (Middleton 1935). Most 
commonly, nests are associated with short-trimmed hedgerows 
primarily composed of privet (Ligustrum vulgare), growing on 
the top of grass-covered banks, which divide crop fields. 
Middleton (1935) stated that brood production on English es­
tates was positively associated with the amount of low hedge­
rows present. Gray partridge avoided hedges with high shrubs 
or trees, possibly an antipredation response that evolved 
from prédation pressure by accipitrine hawks, which use trees 
for perch sites. Partridge nests were also found in small 
grain fields, hayfields, pastures, and idle grass-forb cover. 
Where nests were found on lowland sites, they were often lo­
cated in the open under a clump of coarse grass. Partridge 
tended to renest in growing crops. Hayfields were used more 
for brood cover than for nesting, and Middleton (1935) be­
lieved that hay cutting, which began in June, caused a great­
er loss of young chicks than of nests, as most nesting began 
during the first week of May. 
Porter (1955) observed that partridge in Utah preferred 
native grasses among brush and shrub cover for nesting, and 
that adults moved their broods into adjacent hayfields for 
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food and cover. Consequently, hayfield mortality primarily 
affected adults and young chicks. In Wisconsin, Michigan, 
and Washington studies, hayfields contained the largest pro­
portion of partridge nests (McCabe and Hawkins 1946, Yeatter 
1934, Yocom 1943). In these areas, however, little residual 
cover was available in spring and hayfields, primarily alfalfa, 
represented a high proportion of the cover types available. 
Since alfalfa grows rapidly in early spring, it provides some 
of the first cover available for ground nesting birds, es­
pecially when residual vegetation from the previous growing 
season is in short supply. After comparing nesting distribu­
tions on several Wisconsin areas with similar amounts of hay 
but differing amounts of native grass cover, Hawkins [1937) 
concluded that gray partridge nested in hayfields only when 
suitable natural cover was lacking. In a later Wisconsin 
study. Gates (1973) found that the density of partridge nests 
was highest in strip cover (primarily fencelines and road^ 
sides) with hayfields of secondary importance. Dense, unhar-
vested hayfields and wetlands were seldom used by nesting 
partridge. In contrast, pheasants used these cover types ex­
tensively in Wisconsin. Gates (1973) found that gray par­
tridge seemed to prefer fairly light and open vegetation for 
nesting; of 28 nests found in non-hay cover, 23 depended on 
bluegrass (Poa spp.) or quackgrass (Agropyron repens) for 
concealment. Relatively light use of alfalfa hayfields for 
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nesting compared to grass-dominated strip cover or idle areas 
has also been observed in Iowa (Bishop et al. 1977), Minnesota 
(Ordal 1952), and Montana (Weigand 1977). Weigand (1977) 
compared his Montana data with several other studies and 
suggested that gray partridge prefer grass-rdominated, 
prairie-rtype habitats over forb-dominated cover, such as 
alfalfa. He also reported that idle areas were a critical 
component of partridge habitat in all seasons in Montana, It 
seems that gray partridge will nest in alfalfa hayfields al­
though they prefer grass cover if it is available. However, 
alfalfa may be an important source of food and cover for 
young broods. Leguminous plants usually harbour an abundance 
of insects and provide nutritous leaves and seeds (Middleton 
1935, Kelso 1939, Nestler 1939). Regardless of nest densities 
in alfalfa fields, nest success is always low because the 
fields are cut for hay, and losses have probably increased in 
recent years because mowing begins earlier (before June in 
some areas) and a greater number of cuttings per season are 
made than in earlier years (Gates 1973, Bishop et al. 1977). 
Jenkins (1961a) found that summer mortality of juvenile 
partridge was highest in poorer quality habitat where cover 
was less dense and where breeding adults interacted more. 
He implied that high interaction rates among adults in March 
somehow led to higher mortality of their young in June. How­
ever, the poorer quality habitat or some set of factors relat­
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ed to habitat and (or) behavior could have caused higher 
juvenile mortality. Blank et al. (1967) concluded from their 
studies in England that chick mortality is the key factor 
causing fluctuations in total annual mortality. This mor­
tality was shown to be density-dependent and primarily re­
lated to insect abundance rather than spring or summer weather 
(Southwood and Cross 1969). Nest density in the spring was 
shown to be related to cover conditions at field boundaries 
with the highest nest densities occurring in incomplete 
hedges and grassy field dividers, while wire fencelines and 
woodland strips had the lowest (Blank et al. 1967). 
Hedges have also been found to be an important component 
of gray partridge habitat in Canada. Prime partridge habitat 
in Saskatchewan consists of grain fields (primarily wheat and 
barley) broken up by an extensive complex of caragana 
(Caragana arborescens) hedgerows (Hunt 1974). Partridge used 
the hedgerows as principal cover for nesting, dusting, and 
roosting with the ends or breaks of the hedges preferred over 
the middle sections for these activities. Partridge showed a 
distinct daily rhythm in relation to the hedgerows, being 
away from the hedges during the early morning and evening 
feeding periods and spending the middle of the day loafing 
among the hedge trees where they appeared to utilize combina­
tions of sun and shelter to provide suitable microclimate 
conditions. Hunt (1974:41) found that "nest sites under the 
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hedgerows were often not in dense cover; some were in loca­
tions almost devoid of cover, suggesting residual cover under 
the hedges for nesting was not a principal requirement when 
home ranges were established in the early spring." These 
results are consistent with Gates' (1973) findings that gray 
partridge establish nests in fairly light cover. In contrast, 
McCabe and Hawkins (1946) suggest that partridge select rela­
tively tall and dense ground cover for nesting. Apparently, 
gray partridge have a wide tolerance for the density or 
coverage of ground vegetation required for nest site selec­
tion, and relatively light cover may be used even when dense 
cover is readily available, which has been observed in Europe 
CMiddleton 1935, Kokes and Knobloch 1947, Dement'ev and 
Gladkov 1967) as well as in North America (Yeatter 1932, 
Gates 1973, Hunt 1974). 
During winter, gray partridge will often roost and spend 
a great deal of time in plowed fields, which attests to their 
selection of open habitat, but which also provides advantages 
of a relatively high radiant heat source and relatively 
snow-free substrate; large plowed fields often blow free of 
snow in open agriculutral landscapes (Blank and Ash 1956, 
Jenkins 1961b). Partridge are hardy birds, and they can sur­
vive severe winters if snowfall is not so great that it makes 
food unavailable (McCabe and Hawkins 1946, Westerskov 1965). 
According to Westerskov (1965), partridge are well-adapted to 
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exist in cold and snowy winters, having long enough legs 
and favorable weight load, heavy winter plumage, and layers 
of fat acting as insulation as well as for reserve energy. 
Furthermore, partridge respond to winter weather with, 
behavioral adaptations that serve to reduce energy costs, 
such as reduction of activity and exposure, roosting in a 
rosette to aid in thermoregulation, or burrowing into loose 
snow for the same purpose. Westerskov C1965) states that 6 
or 7 partridge are necessary for efficient mutual warming in 
a rosette. The habit of maintaining a covey probably reduces 
individual costs and decreases prédation. During extrane 
cold in the Canadian prairie, partridge fed almost exclusively 
on waste grain and weed seeds, consuming 50 to 75 g of this 
high energy food per day, which represented 2 to 3 times the 
daily food consumption of summer (Westerskov 1966). Partridge 
readily approached farm buildings and grain bins to obtain 
food when snow cover reduced food availability. In Iowa, 
during the severe winter of 1935-1935, Green and Hendrickson 
(1938) observed 48% mortality among pheasants, but reported 
negligible losses of partridge. 
Formozov C1946), who differs with Westerskov's assess­
ment, states that gray partridge are completely non-adapted 
to deep, fluffy snow. Their feet have a small supporting 
surface relative to their body weight, and they are unable 
to dig completely through deep snow especially when it is 
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crusted. Heavy losses of partridge were noted for winters of 
very deep snow cover in the Soviet Union. Fonnozov C1946) 
found that in areas where snow cover was not excessive, 
partridge fed at places where hares (Lepus europaeus) had 
dug and cleared away the snow in order to graze; partridge 
moved from one set of hare workings to another feeding on 
green leaves of cover crops. 
Winter conditions may be an important determinant of 
population change in the northern extremes of gray partridge 
range or where heavy snowfall occurs. Porter C1955) Believed 
that partridge may be limited in otherwise suitable winter 
habitat in parts of Utah by deep snow cover. In general, 
partridge in Utah encounter greater snowfall than birds in 
either Alberta or Washington. In eastern Washington, Swanson 
and Yocom (1958) reported that partridge preferred habitat 
where wheat fields and alfalfa fields bordered bunchgrass 
(Agropyron spp. and Festuca spp.) and where some brushy draws 
were available. Partridge used wheat stubble in the fall and 
moved to alfalfa and bunchgrass when the stubble was plowed. 
Brushy draws were important wintering areas, especially for 
protection against winter storms. A 90% decline in the par­
tridge population near Pullman, Washington from 1940 to 1954 
was associated with the loss of winter cover, which resulted 
from changes in land use that involved nearly complete elimin­
ation of standing stubble, alfalfa, and brushy draws. 
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In central Finland, gray partridge occur at the northern­
most limit of their geographical range CPulliainen 1965). 
Based on weight and morphological data, Pulliainen believes 
that central to southern Finland is occupied by the P. £. 
perdix subspecies. In this region, steppe-small grain—agri­
culture habitat is utilized by gray partridge. Based on 28 
years of data, Siivonen (1956) found that the most important 
factor associated with partridge population size during the 
hunting season in Finland was average snow depth of the pre­
vious winter; the critical limit was an average snow depth 
of 15 cm.. Partridge could not obtain enough food in deep 
snow, which resulted in high winter mortality and poor condi­
tion of birds' entering the breeding season. Siivonen (1956) 
stated that female birds seemed to be more severely affected 
than males, and poor condition among females in the spring led 
to a reduction in average clutch size compared to years fol­
lowing more favorable winters. 
Pulliainen (1965) found that besides snow depth, temper­
ature and hardness of the snow surface greatly affected feed­
ing by partridge in Finland. If the snow surface is hard and 
temperature low, partridge will spend much of their time rest- • 
ing in groups near their feeding sites. Intensity of feeding 
increases from morning to afternoon when it is cold, but in 
milder weather, partridge spend more time feeding in the 
morning and evening than during midday. Partridge coveys in 
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Finland readily join together in winter in contrast to those 
in England where, according to Jenkins C1961aJ winter coveys 
do not usually combine. During the winter in Finland, gray 
partridge primarily consume green matter in fields of winter 
wheat, winter rye, or hay CPulliainen 1965). Because green 
leafage is not a high-energy food, partridge rely on fat 
reserves to survive Finnish winters. The birds consume large 
quantities of grain and weed seeds in the fall to build up 
their fat stores; hemp nettle (Galeopsis spp.) seeds, which 
consist of 40% lipids, are a particularly important and 
favored food item. Pulliainen (1965) reported that partridge 
populations are highest in southern Finland where winter wheat 
and winter rye are grown; these crops are grown in restricted 
areas, as most of the agricultural land in Finland is under 
hay. 
Westerskov (1966) stated that in the Canadian prairies, 
partridge survive winters with more extreme cold than they 
encounter in Finland, and partridge populations fluctuate less 
from year to year in Canada than they do in Finland. In 
Canada, partridge feed on waste grain and weed seeds in win­
ter, which are high in protein and energy, rather than the 
green foliage that is typically consumed by partridge in 
northern Europe. Westerskov (1966) points out that the 
higher latitude of Finlands* partridge range does not permit 
as high an agricultural productivity (with, associated weed 
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production) as that of the Canadian prairie. Also, compared 
to Finland, Canada has more stable winters with temperatures 
continuously below freezing, which preserves grain and seeds 
from rotting and sprouting on the ground, and the absence of 
thawing prevents the formation of hard crusts on the snow. 
Small wooden hay barns, scattered over the farmlands of 
Finland, are of prime importance in the winter survival of 
partridge (Sulkava 1964, Pulliainen 1965, Westerskov 1966). 
These barns provide both food (weed and grass seeds, and 
sometimes grain) and shelter for wintering partridge 
(Westerskov 1966). Although partridge prefer to roost by 
digging into soft snow, the barns provide the only available 
cover when the snow is crusted (Pulliainen 1965). And the 
widely scattered barns are often dense enough (commonly 40 to 
60 per km^) that partridge can reach them with a short flight 
(Sulkava 1964). Sulkava (1964) noted the importance to 
wintering partridge of barns and topography of the 
agricultural landscape in relation to pattern of snow 
distribution. He noted that partridge populations were 
larger and more stable in south-central Finland, where snow­
fall was nearly twice as high as in southwestern Finland, 
which seemed to contradict Siivonen's (1956) findings. 
Sulkava (1964) observed that, because of relatively small 
fields and hilly topography, snow tends to be evenly 
distributed in southwestern Finland. In the south—central 
region, wider, more open fields occur on a flat plain, and 
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high winds cause drifting of snow; large drifts build up near 
barns, bushes, and other obstacles, but snow cover on open 
fields becomes reduced making food more available (primarily 
green leaves of sprouted grain). Some bare ground, especially 
on plowed fields, may be exposed. In addition, winds create 
a ring of 1 or 2 m width around barns that is nearly devoid 
of snow where partridge find food; the ring of exposed ground 
is bounded by a steep and high snow-drift sloping gently away 
from the barn, which provides protection from the wind for the 
feeding birds. Sulkava (1964) found that, in small fields, 
the snow-drift ring is relatively low, and the snow layer is 
thicker up to the wall of the barn. 
The ability of gray partridge to utilize artificial 
structures attests to their adaptability to altered and 
somewhat barren landscapes. In Alberta, partridge fed around 
poultry farm buildings and they utilized railroad tracks for 
food and cover when snow cover was heavy (Rowan 1925) - Large 
numbers of partridge roosted next to the tracks, and they fed 
on wheat that fell from grain cars. Although many partridge 
were killed by colliding with trains or buried by snow from 
snowplows, railroad tracks were practically the only open 
areas available, and they provided food and cover needed for 
partridge survival during heavy snowfall winters. Hammond 
(1941) suggested that graded and gravelled roads were impor­
tant to gray partridge in North Dakota because they provided 
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the only grit ordinarily available during winter, and when 
snow was deep, windswept roads were used as feeding sites as 
well. Upgren (1974) confirmed that partridge use roads as 
feeding sites in winter, and he further suggested that open 
stretches of highway absorb and radiate heat, thus providing 
comfortable loafing sites for partridge on cold but sunny 
days. 
Mobility 
Most studies have shown that partridge exhibit relatively 
low mobility. Gates (1973) reported that, in contrast to 
pheasants, partridge did not exhibit a major shift in 
distribution between winter and summer range; partridge 
remained on uplands throughout the year, while pheasants moved 
to wetland sites during the winter. Weigand (1977) found that 
86% of the marked partridge observed on his Montana study area 
lived their lives within 660 yards (604 m) of their initial 
winter trapsite. The majority of the population appeared to 
remain on or very near their winter ranges during the spring. 
The most mobile group was yearlings, probably explained by a 
greater tendency for breeding season dispersal among yearling 
males. Jenkins (1961a) noted that older birds showed a strong 
fidelity to particular sites in the spring, while yearlings 
tended to disperse. He also found that partridge moved 
greater distances in some fields than in others. Finding no 
correlations between mobility and population density or food 
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abundance, Jenkins (1961a) postulated that the differences in 
movement were related to variations in the degree of aggres­
sion and response to interaction in each local population. 
Partridge are fast flyers, but seldom fly farther than 
0.25 mile (0.4 km) (Yocom 1943), although sustained flights 
up to 0.75 mile (1.2 km) have occasionally been observed 
(Yeatter 1934). McCabe and Hawkins (1946) observed that win­
ter coveys moved very little as long as food was available. 
The average radius of mobility was 0.50 mile (0.8 km), al­
though some coveys confined themselves to cornfields less 
than 0.25 mi^ (0.1 km^). Pulliainen (1965) noted that par­
tridge wandered from place to place during severe winters in 
Finland when food was difficult to obtain, but they were much 
more sedentary in milder winters or when the snow was soft. 
The period of greatest movement by gray partridge occurs in 
late winter to spring when adult-sized birds form pairs and 
disperse in search of mates or breeding territories; dis­
persal may be related to food and cover conditions, popula­
tion density, and age class with yearling males tending to 
move farthest from their wintering ranges (Middleton 1935, 
McCabe and Hawkins 1946, Blank and Ash 1956, Jenkins 1961a, 
Weigand 1977). 
Formozov (1946) observed that partridge (most likely 
P. £. lucida) had extended their range northward in the 
eastern strip of the European part of the USSR in association 
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with agricultural expansion into northern forested regions. 
Following this range extension into areas of heavy winter 
snow cover, partridge developed regular fall migrations 
southward. Migration usually coincided with the appearance 
of the first snowfall in the northern region and with a 
noticeable southward movement of passerine and falconiform 
birds. Formozov (1946) suggested that since few sedentary 
partridge could survive the deep snow conditions in the 
northern region, selection for migratory behavior was strong. 
Leopold (1933) estimated rate of spread of several North 
American partridge populations from the time of their initial 
release. He found that partridge extended their ranges 
northwest at an average of 5 miles (8.0 km) per year in 
Michigan and 2 miles (3.2 km) per year in Wisconsin, but an 
eastern advance in Alberta and Saskatchewan averaged 28 miles 
(45.1 km) per year. 
Although extensive mobility is seldom observed, partridge 
have the capacity to adaptively change their range and move­
ment patterns as dictated by changes in weather, habitat, or 
social behavior variables, and extensive movements are 
possible. 
Social and Reproductive Behavior 
Gray partridge are monogamous, forming pair bonds that 
last at least 1 breeding season (Johnsgard 1973). Breeding 
activity is most intense during late April and May. The 
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female constructs the nest in ground vegetation and then lays 
1 egg per day until the clutch is complete, at which point 
incubation begins. Generally only the female incubates, but 
both sexes care for the young, which are ptilopaedic, 
nidifugous, and precocial. 
Social organization in the gray partridge is defined by 
2 types of social groups, the breeding pair and the covey; 
the covey is basically a family group. The breeding 
•potential of partridge is relatively high with clutch sizes 
of 1st nests ranging from 15 to 20 eggs (Johnson 1964). 
Broods of 18 to 20 young may be seen in August although 
covey-size averages about 12 to 14 birds at this time, and 
by January and February, coveys average 7 to 10 birds in 
North Dakota (Johnson 1964). Jenkins (1961a) reported that 
coveys on his study area in England generally ranged from 5 
to 15 birds, but a few were as large as 25 birds. Family 
groups remained distinct with little or no interchange of 
individuals and continued intolerance of outside birds during 
the summer and fall (Jenkins 1961a, Weigand 1977). In late 
fall or early winter, unsuccessful pairs or single birds may 
be allowed to join family groups, thus increasing the size of 
the winter covey. 
From his studies of covey behavior, Jenkins (1961a) 
found that agonistic behavior between 2 or more coveys de­
pended upon how well they could see each other. Aggression 
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was more common in open pastures than in stubble fields. 
When 2 coveys approached to within 50 yards (46 m) of each 
other in a pasture, older males in each covey engaged in 
prolonged threat displays. Threat display consisted of an 
upright-alert posture with protrusion of the breast exposing 
chestnut markings accompanied by tail jerking and calling. 
Female partridge were never observed performing threat 
displays. Coveys occasionally attacked and chased each other, 
but such activity was of short duration and usually resulted 
in no apparent victory of either covey, but rather a gradual 
moving apart until they were widely separated. During fall 
to early winter, coveys appeared to prefer isolation, which 
they accomplished by mutual avoidance; groups were often seen 
to move in opposite directions, particularly when the groups 
could hear but not see each other. 
Jenkins (1961a) found no evidence of a dominance hier­
archy within coveys. Birds in coveys appeared to maintain 
an individual distance of several feet during the day, while 
close contact was sometimes observed among roosting birds in 
the late evening. Aggression within coveys was seen only 
during the fall when covey composition was not completely 
stabilized because of outside individuals joining the covey, 
and just prior to pairing when it was related to sexual 
behavior. 
Pair formation begins before breakup of the coveys, and 
fighting may be seen as early as January to early February 
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(McCabe and Hawkins 1946, Jenkins ISGla). Fighting behavior, 
at least in part, is performed as a ritualized display in 
which birds maintain a distance of 6 to 8 yards (5.5 to 7.3 m) 
apart, each alternately chasing and being chased. 
Pairing is accomplished in 2 ways (Jenkins 1961a). 
Pairing within coveys occurred between the adult pair of the 
previous season (if both birds survived) and between females 
and adult males that may have joined the covey from outside 
the family group. Females select courting males for mates, 
and chasing within coveys is confined almost exclusively to 
females. Females apparently never mate with their father or 
brothers; thus, inbreeding is avoided through the mechanisms 
of individual recognition and movements of the birds (Jenkins 
1961a, Weigand 1977). 
Pairing between coveys occurred when young males moved 
about singly or in groups displaying to or attacking birds in 
other coveys. Unmated males that displayed to females in 
other coveys often were attacked and driven away by males 
within the covey, but females were sometimes attracted away 
frcxn their covey and joined the displaying male. Competition 
among males for mates was intense and continued alertness by 
males to avoid or repulse competitors was important in 
maintaining pair bonds. Unmated males often attacked mated 
pairs. Although these birds were usually repulsed by the 
mated male, some mated males were displaced. New pairs may 
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have changed mates several times before permanent pair bonds 
were established. Older adults that had been paired in 
previous years established their pair bonds early in the 
season, and these birds maintained stable pair bonds without 
disruption throughout the breeding season (Jenkins 1961a). 
Male courtship involved a lateral display toward the 
female in which the males' barred flanks were emphasized 
(Jenkins 1961a). The female responded by directing her 
display toward the flanks of the male, running toward him with 
her neck stretched and head held low. She then circled the 
male passing her head over his flanks and back using sinuous 
neck movements. Copulation was not preceded by elaborate 
displays, but began when the female crouched before the male. 
The male then assumed an erect posture similar to the upright 
threat posture and approached the female, graced her neck and 
copulated. 
Pairs of partridge seldom came into contact after 
dispersing away from the covey to breeding sites (Jenkins 
1961a). When pairs did meet, the males engaged in vigorous 
threat displays while the females usually squatted. Sometimes 
threats developed into chasing or fighting in which females 
might also participate. Aggression among pairs did not appear 
to be related to territorial defense; ranges often overlapped 
and pairs were known to use the same feeding and dusting 
s ites. 
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Jenkins (1961a) related the degree of interaction 
(agonistic behavior) to population density and ground cover 
conditions in different fields. He found that interaction was 
relatively low among birds living at low density or where 
ground cover prevented them from seeing each other. Visual 
stimuli seemed to be important in social spacing relations 
among partridge as well as in antipredation. Members of a 
pair often alternately assumed an alert posture while feeding, 
but if rates of interaction were low, less alert posturing 
occurred allowing more time for feeding. In good cover and 
(or) low density areas the size of home ranges was relatively 
small and they did not overlap, but in areas where density was 
high and ground cover poor, home ranges were larger and they 
overlapped. Birds in good cover interacted little with each 
other, even at high population density, but if the cover was 
poor, birds at high density interacted almost continuously. 
Older birds showed a high fidelity to sites that they had 
previously occupied, and younger birds were forced to 
disperse. 
Based on their studies in England- Jenkins (1961a) and 
Blank and Ash (1956) state that partridge are not territorial 
in the sense that neither individuals, pairs, nor coveys 
defend a particular site or maintain an exclusive spatial 
area. Instead, partridge effect dispersion by means of mutual 
avoidance, which leads to maintenance of individual or group 
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distance. However, Weigand (1977), in his study of a lower 
density partridge population in Montana, found that coveys 
aggressively defended spatial territories: And Pulliainen 
(1965) stated that breeding pairs of partridge on his Finnish 
study areas had sharply defined territories after the period 
of spring dispersal. Blank and Ash (1956) reported that the 
lowest "proximity tolerance" and least overlap of home ranges 
occurred among breeding pairs during the pre-nesting period. 
They also stated that tolerance between coveys and between 
pairs appeared to depend upon the relative dominance of the 
males involved, and unmated males showed no territorial 
behavior; if a mated male lost its mate, territorial behavior 
ceased within a few days unless another mate was obtained. 
Blank and Ash (1956) suggested that the isolation of a pair 
with young from other broods was important because when 2 
families met, the adult birds often directed their attacks 
chiefly at the chicks, which at times resulted in chick 
mortality in both family groups. Such attacks also occurred 
when chickless pairs or unmated males attempted to join a 
family group. The different interpretations of territoriality 
between the English, Montana, and Finnish studies may be 
related to the different habitats or densities of the 
populations studied or may simply involve different ways of 
explaining the same phenomenon. Whether the term territor­
iality is used or not, partridge exhibit agonistic behavior 
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that contributes to spatial dispersion in relation to habitat 
features, and which in turn may contribute to population 
regulation. 
Population Dynamics 
Gray partridge population densities vary widely over the 
European and North American range of the species, which 
attests to the ability of the birds to maintain populations 
under different environmental conditions and with different 
production and survival schedules. Partridge populations have 
attained their highest densities on managed estates in 
England. Middleton (1937) stated that English estates could 
support as many as 1 nest per 4 or 5 acres (49-62 nests per 
km^); he actually found 663 nests on 3,000 acres (55 nests per 
km2) in 1936. In years of good production, fall population 
densities as high as 500 birds per mi^ (193 birds per km^) 
were recorded (Middleton 1935). Blank and Ash (1956) stated 
that spring densities of 1 pair per 4 acres (62 pairs per km^) 
could be found over large areas of the best partridge habitat 
in Great Britain with local densities in some areas of 1 pair 
per 2 acres (124 pairs per km^). Jenkins (1961b) measured 
partridge densities on a large game preserve in southern 
England. Over a 4-year period, spring densities ranged from 
216 to 240 birds per mi2 (83-93 birds per km^), and fall 
densities ranged from 328 to 697 birds per mi^ (127-269 birds 
per km^). 
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Density estimates for much of the gray partridge range 
in Europe are lacking although it is generally agreed that 
northerly regions support relatively fewer partridge than 
Great Britain (Siivonen 1956, Westerskov 1956, Pulliainen 
1965). Westerskov (1956) reported that Danish farms and 
estates averaged 21 pairs per mi^ (8 pairs per km^) in the 
spring, and in years of high production fall populations were 
as high as 200 birds per mi^ (77 birds per km^) . On 
agricultural lands near Paris, France, where partridge were 
artificially fed in winter, spring densities of 17 pairs per 
"> 2 km and fall densities of 115 birds per km were found 
(Westerskov 1977). 
Densities of gray partridge populations in North America 
have consistently been lower than those reported for Great 
Britain, but the highest densities throughout much of the 
North American range occurred from the 1930s to early 1940s, 
and population concentrations in some areas approached levels 
found on the English estates. Hawkins (1937) stated that all 
attempts to produce partridge densities in the Midwest as 
high as those in England or the Canadian wheatlands failed, 
and fall densities in the north-central states rarely exceeded 
1 bird per 6 acres (41 birds per km^). The highest densities 
of gray partridge in the United States have been reported for 
north-central North Dakota. Hammond (1941) found February 
densities of 3.5 to 5.3 acres per bird (47 to 71 birds per 
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km ) on 3 areas on the Lower Souris National Wildlife Refuge 
in 1939. Lokemoen and Kruse (1977) observed much lower 
densities on 2 area in southeastern North Dakota in 1976 
where partridge were thought to be declining because of 
habitat loss; winter densities ranged from 1.6 to 6.7 birds 
2 0 per mi (0.6-2.6 birds per km''). 
Partridge densities in south-central Canada during the 
1930s and 1940s were probably as high or higher than in 
north-central North Dakota (McCabe and Hawkins 1946, Johnson 
1964), but reports of actual estimates were not found. Hunt 
(1974) reported spring densities of 4 pairs per km^ in 1971 
and 1972 on his study area in Saskatchewan; fall densities 
prior to the hunting season were 32 birds per km2 in 1971 and 
55 birds per km^ in 1972. These densities are the highest 
reported for North America since the 1940s. Rowan (1952) 
reported that gray partridge populations in central Alberta 
fluctuated in conjunction with the 10-year cycles of abundance 
in native grouse, snowshoe hares (Lepus americanus), and lynx 
(Lynx canadensis). Wishart (1977) confirmed that partridge 
followed an approximate 10-year cycle in the central Alberta 
Parkland region, which is near the northern limit of partridge 
range in North America, but that prairie populations of 
partridge in Southern Alberta, which are outside the snowshoe 
hare range, are not cyclic, but fluctuate in accordance with 
summer weather conditions. Based on game keepers records 
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extending from the 1850s, Middleton (1934) stated that gray-
partridge have an 8-year cycle in England, and Wing (1953) 
proposed that in northern Europe, partridge follow an 8-to 
12-year cycle. Early studies in the United States revealed 
no cyclic trends in partridge populations (Yeatter 1934, Yocom 
1943, McCabe and Hawkins 1946), but with more extensive data 
available, Dumke (1977) found evidence of cyclic behavior in 
Wisconsin partridge populations. The evidence for partridge 
population cycles in Wisconsin and Europe is based, for the 
most part, on harvest statistics, and, as pointed out by Dumke 
(1977), any direct relationship between harvest and population 
abundance is questionable. 
In several areas in the United States, partridge 
populations exhibited a period of decline from the 1930s and 
early 194 0s to the early 1950s. On 2 study sites in eastern 
Washington, spring population densities ranged from 20 to 46 
birds per mi^ (8-18 birds per km^) in the early 1940s, while 
in the early 1950s, densities on the same sites ranged from 
5 to 18 birds per mi^ (2-7 birds per km^) (Swanson and Yocom 
1958). Porter (1955) reported spring concentrations of only 
1 bird per 155 acres (2 birds per km^) in areas of highest 
density in Utah. Weigand (1977) found 1 bird per 20 to 42 ha 
(2-5 birds per km^) in winter in north-central Montana. In 
areas of relatively high population density in southeastern 
Wisconsin, populations averaged 26 birds per mi2 (lo birds per 
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km^) in spring and 43 birds per itii^ (17 birds per km^) in fall 
in the late 1930s to early 1940s (McCabe and Hawkins 1946) . 
Fall densities were 20 to 30 birds per mi^ (8-12 birds per 
km^) in the early 1950s and 15 birds per mi^ (6 birds per km^) 
in the early 1970s (Dumke 1977). Compared to Wisconsin, 
density estimates were similar for northeastern Illinois, but 
were lower for northwestern Ohio and northern New York. 
Farris (1966) estimated a spring population density of 1 bird 
per 34.6 acres (7 birds per km^) for the best partridge range 
in Illinois in 1965. Average fall densities reported for 
Ohio in the later 1930s were 8.6 birds per mi^ (3 birds per 
km^) by Hicks (1941) and 5.6 birds per mi^ (2 birds per km^) 
by Westerskov (1956). Winter populations in New York in 1958-
1959 ranged from 44 to 102 acres per bird (2-6 birds per km^) 
(Murtha 1967). In southeastern Michigan, Yeatter (1934) 
estimated gray partridge densities at about the time the 
species reached its peak there (Dale 1943). Spring densities 
on 3 plots in 1933 ranged from 4.4 to 13.3 acres per bird 
(19-56 birds per km^). By 1940, the population density was 
about 12 birds per mi^ (5 birds per km^) (Dale 1943). 
In Iowa, Green and Hendrickson (1938) measured gray 
2 partridge densities on a 4,900-acre (3 km ) study area in 
Winnebago County from 1935 to 1938. Spring densities ranged 
from 2.1 to 4.6 birds per mi^ (1-2 birds per km^), and winter 
densities ranged from 4.7 to 18.3 birds per mi^ (2-7 birds per 
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km^). Based on harvest statistics. Bishop et al. (1977) 
suggested an increasing trend in partridge populations in 
northern Iowa from the mid-1960s to the early 1970s. They 
found an average winter population of 92 birds on a 1,360 ha 
study area (7 birds per km^) in Hancock County over the 
period 1967 to 1970, equivalent to the maximum density found 
by Green and Hendrickson (1938) in the winter of 1937-1938. 
Temporal and spatial variations in gray partridge 
population densities are reflected in the timing and extent of 
reproduction and mortality each year. Population maintenance 
requires that mortality, which occurs year-round, be balanced 
by recruitment, which in the partridge occurs as a brief 
period of reproduction in the spring and summer. Gray 
partridge typically raise no more than 1 brood per year, 
although more than 1 nesting attempt may be made by a single 
pair if necessary (Lack 1947). The species is classed as an 
indeterminate layer; as many as 77 fertile eggs layed in a 
single season by 1 captive female have been recorded (Lack 
1947). Consequently, large clutches are possible, and most 
investigators report average clutch sizes of 15 to 18 eggs 
throughout the species range (Yeatter 1934, Middleton 1937, 
Knott et al. 1943, McCabe and Hawkins 1946, Porter 1955, 
Jenkins 1961b, Blank and Ash 1962, Pulliainen 1971, Gates 
1973, Hunt 1974). There is some evidence for larger average 
clutch sizes with increasing latitude in Europe and North 
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America (Lack 1947, Pulliainen 1971). 
Studies in which average clutch size was found to be 
less than 15 eggs likely included renest clutches in the 
samples. Farris (1966) found a mean clutch size of 11.6 
eggs in Illinois, but some nests did not hatch until 
mid-August. In Iowa, Bishop et al. (1977) found a mean 
clutch size of 14.2 eggs, but they believed that 8 of the 
28 completed nests measured represented renesting attempts. 
Initial clutches tend to be larger than renest clutches. 
Middleton (1935) found a mean clutch size of 14.6 eggs for a 
sample of predominantly 1st nests, but for a sample of known 
2nd nests he found a mean clutch size of 9.9 eggs. Yeatter 
(1934) reported an inverse relationship between mean clutch 
size and date of hatch, which he attributed primarily to 
renesting; nests hatched in June had a mean of 19.1 eggs, in 
July 15.3 eggs, and in August 9.3 eggs. Likewise, Jenkins 
(1961b) found a decline in mean clutch size with increasing 
date of hatch (a high of 16.6 eggs for June to a low of 6.7 
eggs for August). 
Renesting effort and the relative contribution that 
renesting made to annual production was variable among the 
studies reviewed, possibly reflecting differences in nesting 
habitat available to gray partridge in different areas. 
However, it must be noted that production attributable to 
renesting was not measured directly in any of the studies, but 
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was inferred from hatching and clutch size chronologies and 
differences between rates of nest success and pairs with 
broods. Hunt (1974) estimated that 25 to 35% of the broods on 
his study area came from renesting attempts, and he believed 
that renesting was necessary to achieve the high rate of 
production that he observed (10 to 12 young per adult female 
in the prehunt population). Middleton (1935) and Jenkins 
(1961b) also suggested that renesting contributed significant­
ly to high partridge production on some British estates. 
Errington and Earnerstrom (1938) stated that renesting was 
important in the maintenance of an Iowa partridge population 
when heavy losses of 1st nests occurred during a spring 
drought in 1934. Also in Iowa, Bishop et al. (1977) believed 
that a strong renesting effort occurred in 1968 when they 
observed the highest number of winter coveys of their study, 
but the lowest rate of nest success. Westerskov (1957) 
concluded that about 25% of the production of partridge in 
Denmark was the result of renesting attempts. In New Zealand, 
he found that 66% of the adult females observed had broods, 
but the nest success rate was only 42%. Westerskov believed 
that the disparity in these figures was because of renesting. 
Weigand (1977) reported similar findings in Montana; 66% of 
the adult females had broods, and the nest success rate was 
40%. 
Based primarily on frequency distributions of nest 
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initiation or hatching dates, other investigators have 
concluded that renesting effort is low in gray partridge, and 
that annual production is highly dependent upon the success 
of 1st nesting attempts. Throughout most of the partridge 
range, peak periods of nest initiation occur in early to 
mid May, and the peak period of hatching of 1st nests occurs 
in late June or early July (Yeatter 1934, Middleton 1935, 
Yocom 1943, McCabe and Hawkins 1946, Gates 1973, Hunt 1974, 
Bishop et al. 1977, Weigand 1977). Wishart (1977) found 
significant correlations between fall age ratios and the 
percentage of the hatch occurring in the last 2 weeks of June 
for North Dakota (1955 to 1968) and Alberta (1965 to 1976) 
indicating that years of poor production were associated with 
a relatively high proportion of nests hatching later than the 
late June period. Low levels of renesting were suggested in 
the studies of Yeatter (1934), Yocom (1943), McCabe and 
Hawkins (1946), and Gates (1973). As pointed out by Gates 
(1973) and Hunt (1974), a high proportion of the nests found 
in these studies occurred in hayfields, and many hens that 
lost 1st nests in hayfields likely were too advanced in 
incubation to begin another nesting attempt because hayfield 
mowing coincided with the peak period of hatching. Jenkins 
(1961b) reported that renesting usually did not occur if nest 
destruction took place after about 10 days of incubation. 
Yeatter (1934) proposed that hot summer weather in southern 
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portions of the United States partridge range may prevent 
successful renesting. He found that egg spoilage, before 
incubation, began during a period of hot, dry weather in 1931, 
and over 3 years of study, hatchability averaged 92% in nests 
hatched before 1 July, and 68% for nests hatched after 1 July. 
Kruger (1961) also suggested that summer temperature extremes 
could adversely affect partridge nesting behavior, hatchabil­
ity of eggs, and production in southern parts of the species 
range in Europe. Yeatter's (1934) overall rate of hatchabil­
ity of 76% was lower than other rates reported in the litera­
ture. Some reported rates of hatchability were 93% (Middleton 
1935), 90% (Jenkins 1961b), 97% (Yocom 1943), 99% (Hunt 1974), 
84% (McCabe and Hawkins 1946), and 85% (Gates 1973). 
Gray partridge tend to establish 1st nests in permanent 
cover (hedgerows, grass meadows, and grass strips), while 
renesting attempts are often made in temporary cover (grain, 
hay, and stubble) (Middleton 1936, Hawkins 1937, Porter 1955, 
Jenkins 1961b, Hunt 1974). In England and Saskatchewan, where 
high partridge densities have been recorded and where much of 
the nesting occurred in hedgerows, nest success was found to 
be 78% (Middleton 1935), 84% (Jenkins 1957), and 82% (Hunt 
1974). Besides noting the importance of hedgerows in produc­
ing safe, permanent nesting cover. Hunt (1974) reported that 
small grain crops, which covered about half his study area, 
supplied excellent cover for renesting attempts. In contrast. 
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in studies in Michigan, Washington, and Wisconsin, where 
population densities were lower and where much of the nesting 
occurred in hayfields, nest success rates were 32% (Yeatter 
1934, Yocom 1943, McCabe and Hawkins 1946), 37% (Knott et al. 
1943), and 16% (Gates 1973). In all of these studies, hay-
field mowing was the major cause of nest losses. In Gates' 
(1973) study, nearly all nests that were not in hayfields 
were found in fencelines and roadsides (strip cover), and 
these suffered heavy losses from mammalian prédation. In 
Iowa, Bishop et al. (1977) found 79% of their partridge nests 
in roadsides and only 7% in hayfields. They reported an 
overall nest success rate of 24% with severe mammalian préda­
tion on roadside nests and complete lack of success of hay-
field nests because of mowing. Bishop et al. (1977:17) 
stated that "it appears that as more legumes and idle areas 
are placed under cultivation for row crops, predators concen­
trate their food seeking time in the remaining undisturbed 
area thus causing increased nest losses." Gates (1973) 
concluded that low nest success, accompanied by low renesting 
effort, was the principal determinant of longterm partridge 
abundance on his study area. Apparently, survival was ade­
quate to maintain a low density population, but high densities 
such as those found in England or Canada were not possible 
with such a low level of recruitment. 
Adult female partridge may incur higher mortality than 
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adult males during the nesting season, especially incubating 
females that may be highly vulnerable to predators and mowing 
machines (Yeatter 1934, Blank and Ash 1962, Olech 1971). 
Consequently, adult sex ratios often favor males. Adult sex 
ratios, expressed as the percentage of males, were 61% in 
England (Blank and Ash 1962), 60% in Finland (Pulliainen 
1968), 58% in Poland (Olech 1971), 58% in Wisconsin (McCabe 
and Hawkins 1946), and 55% in Illinois (Farris 1966). 
Weigand (1977) reported 56% males in winter coveys (young and 
old birds) in Montana. However, Yocom (1943) reported a 
50:50 adult sex ratio among partridge on his study area in 
eastern Washington. These studies indicate that in most areas 
the partridge population during the breeding season will 
contain a segment of unmated males. Although most investi­
gators assume that the sex ratio of young birds at hatching is 
50:50, McCabe and Hawkins (1946) found 43% males, 57% females 
among a sample of 331 newly hatched chicks, suggesting greater 
mortality among females between hatching and adulthood. The 
sex ratio of young birds may vary annually. In 11 years of 
study. Blank and Ash (1962) found that the sex ratio of 
juvénile birds in the fall was nearly 50:50 in 9 years, but 
in 2 years 57% and 61% of the juveniles were males. It is 
not known if these disparities are real or resulted from 
sampling error. Blank and Ash (1962) noted that spring sex 
ratios were closer to unity because many surplus males 
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dispersed from the study area to surrounding marginal habitat 
in late winter. 
Population regulation in gray partridge seems to be 
closely linked with 2 critical periods in the annual cycle. 
Chick survival during the 1st 4 to 8 weeks of age and 
winter-to-spring survival of adult-sized birds largely 
determines population densities in the fall and spring 
respectively. Yeatter (1934:81-82) stated that "it is 
apparent that mortality of Hungarian partridges is highest in 
the chick stage and in young birds during the 1st few weeks 
of life. Losses of adults appear to be gradual during the 
autumn, winter, and spring." Yocom (1943) found an average 
mortality of 55% for chicks between 0 and 4 weeks of age. 
Using key-factor and regression analysis. Blank et al. (1967) 
found that chick mortality was the major factor causing 
fluctuations in the total annual mortality and fall age ratio 
of a partridge population in England. They reported that 
chick mortality and overwintering loss (mainly from shooting) 
acted in a density-dependent manner, but other mortality 
factors, such as nesting success, hatchability, and nest 
prédation rates, were not density related, nor were they 
related to variations in total mortality. Although Gates 
(1973) believed that the long-term depressant of his 
Wisconsin partridge population was low nest success, he 
concluded that annual fluctuations in population density 
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resulted from variations in chick survival, which were 
associated with summer weather conditions. Gates found that 
spring-to-fall gain was correlated with juvenile survival, 
but not with pair success, and that winter mortality was not 
related to population fluctuations. Based on differences in 
brood size. Gates estimated a minimum rate of juvenile 
mortality from hatching to about 6 weeks of age of 34%. 
Brood size was associated with July weather; cool, wet weather 
in July appeared to cause higher juvenile mortality. Cool, 
wet weather during the 1st few weeks of life has been 
suggested as a major partridge mortality factor by Middleton 
(1935), Dale (1942), Yocom (1943), Cartwright (1944), Porter 
(1955), Jenkins (1961b), Blank and Ash (1962), Westerskov 
(1964), and Pulliainen (1968). 
Variations in chick mortality were attributed to varia­
tions in the abundance of available arthropods required by 
young chicks for food by Southwood and Cross (1969) and Potts 
(1971). Using multiple correlation analysis, Southwood and 
Cross (1969) found that 92% of the variation in the fall 
young:adult ratio over the period 1359=1366 was accounted 
for by variation in insect abundance and the mean daily hours 
of sunshine in June, with the former variable having nearly 
6 times the influence of the latter. Potts (1971) noted that 
a decline in the biomass of weed-dwelling insects following 
the use of herbicides in cereal grains paralleled a decline 
72 
in the partridge population, which began in about 1953 in 
England. He, found that partridge chicks had become more 
dependent upon cereal aphids, which in turn depended upon warm 
spring weather for sufficient production. In effect, large 
annual fluctuations in aphid abundance occurred. Potts (1971) 
further pointed out that cool, wet, post-hatching weather 
increased the density of insects required to maintain a 
given chick survival rate, and in years of adverse summer 
weather, chicks were found that had apparently starved to 
death. 
Jenkins (196la) found that a combination of sparse 
winter cover and high winter partridge densities led to a 
high level of interaction among adults prior to nesting and 
subseguently affected chick survival in England. He postu­
lated that physiological stress in the adults because of 
interaction resulted in low viability of the chicks and high 
chick mortality. Siivonen (1956) proposed that a major 
effect of winter snow conditions on population fluctuations 
in Finland was expressed through stress on adults, which 
subsequently affected timing of gonadal recrudescence, clutch 
sizes, hatchability, and survival of chicks. 
Adult-size partridge suffer their greatest reduction in 
numbers from late winter to spring during a time of covey 
break-up, pair formation, and prenesting activity (Middleton 
1935, McCabe and Hawkins 1946, Jenkins 1961a, Blank and Ash 
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1962, Blank et al. 1967, Weigand 1977). These losses, which 
amounted to 30-40% of the winter populations, were primarily 
attributed to emigration of pairs and unmated individuals. 
Middleton (1935), Jenkins (1961b), and Blank and Ash (1962) 
stated that birds that dispersed widely from their wintering 
range generally had poor reproductive success. These authors 
believed that prédation, disease, and parasitism had little 
effect on spring population densities on their study areas, 
although birds that had emigrated were probably more 
susceptible to these mortality factors. Jenkins (1961b) 
speculated that when the carrying capacity of optimum breeding 
habitat was reached, surplus birds were forced to disperse to 
marginal habitat where they existed temporarily, but rarely 
bred successfully. In 2 years of high nest success and chick 
survival. Hunt (1974) observed a major drop in the partridge 
population on his study area between fall and mid-winter. 
He stated that the decrease in numbers could not be fully 
explained by shooting or other mortality factors, and he 
attributed the loss to emigration from the study area. 
Following winter periods of relatively constant abundance. 
Hunt (1974) observed the typical spring reduction in numbers 
in both years of his study. Jenkins (1961b) found that in 
years of high reproductive success, partridge populations 
were controlled to winter levels through fall dispersal of 
entire coveys. On English estates where fall populations are 
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reduced by shooting, which is density-depentant, dispersal in 
the fall or spring may be severely reduced (Blank and Ash 
1962). 
The degree of spring dispersal and subsequent breeding 
population density is a function of the winter population 
density and of habitat quality (Jenkins 1961a, 1961b, Blank 
and Ash 1962, Hunt 1974, Weigand 1977). Blank and Ash (1962) 
and Blank et al. (1967) stated that the density of the 
breeding population of gray partridge on English estates, 
which varied much less than the fall population from year to 
year, was principally determined by the amount of cover 
present in fields in late winter and by the type and 
frequency of the boundaries between them. In relation to 
partridge social behavior, high breeding densities can only 
be maintained in habitat that provides limited visibility to 
reduce pair interaction (Jenkins 1961a). Large open fields, 
few hedge boundaries, or the lack of cover in cereal crops 
in winter resulted in the formation of larger territories 
because each pair could see rivals at a greater distance. 
Blank and Ash (1962) found an inverse relationship between 
breeding pair density and subsequent recruitment, which 
varied primarily as a function of chick survival. In 
explaining this relationship, they noted that a crop 
distribution that favored a high breeding density was not 
favorable to a high production rate. That is, grass meadows 
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and strips were necessary to maintain maximum pair density in 
March, but heavy chick loss in such habitat occurred in June 
when the grass crop was harvested. 
The essential features of gray partridge population 
regulation consistently expressed in the findings of European 
and North American workers are that breeding population 
densities are determined by habitat quality, and that fall 
and winter populations are adjusted to the breeding density 
levels through the mechanisms of density-dependent dispersal 
and (or) harvest rates. Fall population densities are deter­
mined by pair success and chick survival, with the latter 
variable contributing most to annual population change. 
Chick survival, in turn, operates in a density-dependent 
fashion and is influenced by the social behavior of parents, 
summer weather, and the availability of nutritious food. 
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STUDY AREA 
The study area was located in north-central Iowa 4.2 km 
(2.6 mi) southwest of the town of Britt in Hancock County. 
The area selected for most intensive study was a rectangle 
with a north-south orientation, 3.2 km wide by 6.4 km long 
(2x4 mi) , encompassing 20.7 km^ (8 mi^) . Some work was 
conducted within a 1.6 km (1 mi) strip on the periphery of 
the primary study area. Thus, the total area of study was 
6.4 km wide by 9.7 km long (4 x 6 mi) , encompassing 62.1 km^ 
(24 mi^)(Figure 1). 
Topography is flat to gently rolling, and soils, 
derived from Wisconsin glacial till and prairie vegetation, 
are primarily loams or silty clay loams of the Clarion-Nich-
olet-Webster Principal Soil Association (Oschwald et al. 
1965). Clarion soils, which are well-drained, and Webster 
soils, which are poorly drained, are the dominant soil types 
on the study area (Lesh et al. 1930). The area is drained in 
a southerly direction by tributaries of the Boone River. 
However, all the streams on the area have been straightened 
and converted to drainage ditches, and many of the fields are 
tile-drained. 
Elevation is approximately 376 m above mean sea level. 
Yearly mean temperature and mean annual precipitation, 
determined from measurements taken at Britt, Iowa from 1941 
through 1970, were 7.9 C and 80.23 cm (U.S. Environmental 
Figure 1. Map of the 62.1 km^ study area located 4.2 km 
southwest of Britt, Hancock County, Iowa. The 
area of primary study is the 20.7 km central 
rectangle, 3.2 km wide by 6.4 km long 
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Data Service 1975). Climate in the area is characterized by 
hot summers and cold winters with more than 40% of the annual 
precipitation occurring from May through July (Table 1). 
Land on the study area is privately owned and dominated 
by row-crop agriculture with a corn-soybean rotation. 
Livestock production includes primarily hog and secondarily 
cattle operations. Corn is grown on 47% and soybeans on 40% 
of the total land of the study area (Table 2). Tame hay and 
pastureland each occupy 3% of the area, and oat fields occupy 
1%. Two percent of the area is comprised of occupied and 
abandoned farmsteads, and associated farmgroves, idle forbs 
and grass, and hedgerows represent less than 1% of the area. 
Strip cover, such as roadsides, fencelines, grass waterways, 
drainage ditches, railroad right-of-ways, field roads, and 
terraces, makes up 4% of the study area. 
Seasonal changes in partridge habitat resulted from 
agricultural activities as well as from seasonal changes in 
weather. After the harvest of crops in the fall, and average 
of 85% of the cropland and 77% of the total land area was 
plowed during the study (Table 2). Dnplowed corn stubble 
represented 4% of the total area. In the winter of 1974-
1975, snowfall, accompanied or followed by high winds, left 
plowed fields relatively free of snow, while ditches, 
fencelines, and farmsteads were covered with large drifts. 
Snow cover was light to absent throughout the winters of 
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Table 1. Mean monthly temperature and precipitation from 
data recorded at Britt, Iowa, 1941 through 1970 
(U.S. Environmental Data Service 1975) 
Mean îfean 
Month Temperature (C) Precipitation (cm) 
January -9.2 2.64 
February —6.6 2.72 
March -0.8 5.46 
April 8.4 6.91 
May 15.1 11.10 
June 20.4 13.31 
July 22.7 10.49 
August 21.7 8.10 
September 16.5 • 8.15 
October 11.1 4.62 
November 1.4 3.15 
December -6.1 3.58 
2 Table 2. Summer and winter cover type composition of the 20.7 km study area, 
1975-1976 
Summer Winter Percentage of Linear 
Cover type area (ha) area (ha) total area km 
Corn 969.3 46.8 
Plowed corn 887.6 42.9 
Corn stubble 81.7 3.9 
Soybeans 830.6 40.1 
Plowed soybeans 682.8 33.0 
Soybean stubble 147.8 7.1 
Tame hay^ 54.8 2.6 
Plowed hay 14.4 0.7 
Hay stubble 40.4 1.0 
Oats 20.9 1.0 
Plowed oats 7.1 0.3 
Oat stubble 13.8 0.7 
^Includes alfalfa, alfalfa-red clover-orchard grass, smooth brome, and reed 
canary grass fields. 
Table 2. (Continued) 
Summer Winter Percentage of Linear 
Cover type area (ha) area (ha) total area km 
Pasture 57.1 57.1 2.7 
Farmsteads 33.3 33.3 1.6 
Farm groves 8.3 8.3 0.4 
Hedgerows 0.7 0.7 0.1 0.5 
Idle forbs/grasses 4.3 4.3 0.2 
Terraces 1.1 1.1 0.1 0.6 
Field roads 3.4 3.4 0.2 2.7 
Fencelines 7.6 7.6 0.4 36.4 
Railroad right-of-ways 11.2 11.2 0.5 3.7 
Waterways 7.6 7.6 0.4 3.2 
Drainage ditches 21.8 21.8 1.0 10.8 
Roadsides 39.0 39.0 1.9 47.5 
Totals 2071.0 2071.0 100.0 105.4 
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1975-1976 and 1976-1977; high winds during these winters 
resulted in drifts of topsoil- The relatively limited 
nesting cover was further reduced by such activities as 
mowing road ditches, and plowing railroad right-of-ways for 
crop production. Alfalfa hayfields, which comprised 65% of 
all the hayland, were usually mowed 3 or 4 times each season, 
with the 1st cutting occurring about 1 June. 
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METHODS 
Capturing and Marking 
Partridge were captured by winter bait trapping or by 
catching females on their nests. Shelled corn bait sites were 
established where evidence of partridge activity was found. 
Cloverleaf-type traps with funnel entrances and poultry-wire 
leads were placed over bait sites that showed evidence of 
partridge use. Traps were checked several times each day, and 
captured partridge were removed, weighed (nearest gram), 
sexed, aged (immature or adult), marked with a metal leg band 
and radio transmitter or poncho necktag, and released at the 
trap site. Sex and age class were determined by plumage 
characteristics as described by McCabe and Hawkins (1946). 
Study area boundaries were not established until the end of 
the 1974-1975 winter period. During this 1st winter of study, 
y 
traps were distributed throughout the 62.1 km study area, but 
in the following 2 winters, trap-sites were established only 
within the 20.7 km^ primary study area. Transmitters were not 
obtained until the end of the 1st winter trapping period. 
Partridge captured before transmitters were available were 
fitted with poncho necktag markers, which were constructed of 
yellow Herculite material measuring 5 by 18 cm and painted 
with black numerals (Pyrah 1970). 
All partridge captured after the 1974-1975 winter period 
were fitted with radio transmitters. The transmitters. 
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positioned on the backs of partridge, each had a 28 cm whip 
antenna and a solar panel to recharge the batteries. A 
harness, consisting of a 0.6 cm wide strip of fabric elastic, 
was used to attach a transmitter to a bird following a method 
described by Dwyer (1972). Each transmitter and harness 
weighed approximately 16 g, which was about 4% of the weight 
of an adult partridge. The transmitters operated at discrete 
frequencies between 150.850 and 151.125 MHZ, and 
ground-to-ground signal transmission was consistently 
audible, with the receiving equipment used in the study, up 
to a distance of 1.6 km. The receiving system consisted of 
a 12-channel portable receiver and a vehicle-mounted dual 
yagi antenna. Locations, obtained by triangulation, were 
recorded to the nearest 0.03 ha with reference to a 
rectangular coordinate grid superimposed on a map of the 
study area. Radio fixes were usually within 0.4 km of the 
subject and were always within 0.8 km. Based on initial 
field testing of the equipment, location error was within 
0.02 ha at a distance of 0.8 km. Triancfulation azimuths were 
taken at right angles to minimize location error (Heezen and 
Tester 1967). In addition, signal deflection because of 
topography or natural or artificial objects was rarely a 
problem on the relatively flat and open landscape character­
istic of the study area. 
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Habitat Use 
At each observation (telemetry fix), date, time (ST), 
location, activity, weather conditions, habitat type, and 
distance (meters) to the nearest adjacent habitat type were 
recorded. Location of the receiving unit and distances were 
estimated with reference to habitat edges and other 
landmarks, by odometer readings and by pacing. Activity 
consisted of 2 classes based on audibility characteristics of 
transmitter signals; a constant signal indicated that the 
bird was inactive (not moving about), and a fluctuating 
signal indicated that the bird was active (engaged in some 
type of movement). Weather variables were measured within 1 
hour of each telemetry observation from a small private 
weather station on an occupied farmstead adjacent to the west 
side of the primary study area. The variables included 
ten^erature, wind velocity and direction, relative humidity, 
barometric pressure and direction, cloud cover (nearest 25%), 
visibility (nearest 0.2 km), snow depth and conditions, and 
precipitation (conditions at the time of observation and 
accumulation over the previous 24 hours) . These data were 
used to test hypotheses of independence between habitat use, 
activity, and time and weather variables for the instrumented 
birds using contingency table analysis (Fienberg 1970, Gilmer 
et al. 1975, Upton 1978). The analysis was performed with 
the aid of a BMDP3F computer program (Dixon and Brown 1979). 
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Mean minimum daily movement rates by monthly periods were 
estimated by calculating distances between successive 
observations of a bird that were at least 1 hour apart for 
each bird in which 15 or more locations (observations) were 
obtained. Ranges were calculated by the minimum area method 
(Mohr 1947), in which the outermost location points were 
joined to form a convex polygon. A FORTRAN IV (Cress et al. 
1970) computer program was written to calculate the areas of 
the convex polygons. The linear range, or greatest dimension 
of each activity range (Heezen and Tester 1967) was measured 
as the distance between the 2 most widely separated location 
points. 
Field work was conducted from December through August 
each year with intermittent visits to the study area from 
September through November. The primary study area was 
cover-mapped in the summer and winter each year. The 
frequency of observations by cover type of each transmit­
ter-marked partridge was compared with the expected frequency 
based on the relative availability of cover types. 
Availability of cover types for each partridge was determined 
by calculating the percentage of each cover type represented 
in all quarter sections (64.7 ha) in which the bird had been 
located by telemetry. 
For purposes of analysis, 4 cover types were defined: 
(1) com, (.2) soybeans, (3) hay (includes hayfields, oats, 
pasture, and idle grass, forbs, and hardwoods associated 
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with farmsteads), and (4) strip cover (roadsides, fencelines, 
drainage ditch banks, grass waterways, railroad right-of-ways, 
hedges, fieldroads, and edge). Observations that occurred 
so close to the junction of 2 or more cover types that the 
cover type occupied could not be determined with certainty 
were classified as occurring in edge cover. Of the 
observations classified as edge, 85% were closely associated 
with strip cover and were included in the strip cover 
category. Conparisons were made for 4 time periods: 16 
September - 15 March, a period of harvest, plowing, and low 
cover availability during the winter; 16 March - 15 May, a 
period of low cover availability in croplands because of 
cultivation and planting; 16 May - 15 July, a period of crop 
emergence and growth; and 16 July - 15 September, a period of 
crop maturity and relatively high availability of vegetative 
cover in croplands. 
The null hypothesis that the frequency distribution of 
observations over the 4 habitat classes was equal to the 
expected distribution for each period was tested with a 
likelihood ratio chi-square (Y^) goodness-of-fit test 
(Upton 1978). The null hypothesis that the use of each 
habitat class, by period, was proportional to its availabili­
ty was tested by following the method of Neu et al. (1974) 
for estimating preference or avoidance. By this method, 
observed proportions were transformed to ^ -scores, which are 
normal approximations for variables that follow a binomial 
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distribution (Snedecor and Cochran 1967:209). The ^ -scores 
were compared with a critical value obtained from a normal 
frequency distribution table, using a significance level of 
0.05. The critical value was scaled upward since the habitat 
classes were compared simultaneously (Neu et al. 1974), and 
the null hypothesis was rejected if the ^ -scores for a habitat 
class exceeded the critical value. The ^ -scores serve as 
habitat use indices; positive values indicate use greater than 
expected, and negative values indicate use less than expected. 
The Wilcoxin signed-rank test for paired samples (Gibbons 
1976:131-135) was used to test the null hypothesis that the 
median difference between observed and expected frequencies of 
observations for each habitat class and time period was zero, 
a method employed by Gilmer et al. (1975) for a similar set of 
data. Rejection of the null hypothesis indicates a consistant 
departure (either positive or negative) of observed from 
expected utilization frequencies among the birds in a sample. 
To test for edge preference, the proportion of the total 
field area included within a specified distance from the field 
edge must be considered (Nelson et al. 1960). The position of 
each partridge location was determined with respect to 
distance from the field edge for all telemetry observations 
that occurred in fields. Locations were classified into 1 of 
3 zones (field positions): less than 16 m from the field 
edge, 16-64 m from the field edge, and greater than 64 m from 
90 
the field edge. The field positions were termed edge, medium, 
and center, respectively, and the proportion that each made up 
of the total area of each field was determined for fields in 
which telemetry observations were recorded. These proportions 
were applied to the total number of observations of each bird 
in each field to estimate the expected distribution of obser­
vations if the activity distribution of the bird was random 
within the field. Observed and expected frequencies were 
pooled over all fields for each bird, and the Wilcoxin 
signed-ranJc test for paired samples was used to evaluate 
departures of observed from expected frequencies for each time 
period. 
Roadside observations of partridge provided another 
source of data on habitat associations. Location and habitat 
type adjacent to the roadside in which birds were seen or 
into which they flew were recorded. Data were collected from 
standardized roadside surveys and from roadside observations 
incidental to other field work. 
By using an approach described by Hanson and Labisky 
(1964), the distribution of roadside observations of partridge 
with respect to habitat classes was compared with an expected 
distribution for each time period. Expected distributions 
were based on the proportions of each habitat class available 
for each time period, which were calculated by dividing the 
kilometers of each habitat class on both sides of the roads on 
91 
the study area by the total kilometers of all habitat classes. 
Roadsides were not included as a habitat type, and other strip 
cover habitat types were incorporated into hay habitat class. 
Observed distributions of partridge habitat associations were 
tested for significant departures from expected distributions 
with likelihood ratio chi-square tests. These data provided 
an independent source of information for comparison with data 
from transmitter-marked birds. 
Population Studies 
Roadside counts of gray partridge were conducted at 2 
seasons each year to obtain data for calculating seasonal and 
annual population change indices. Using methods similar to 
those described by Gates (1973), all roads on the 62.1 km^ 
study area were driven on several days during the periods 
15 April to 15 May and 1-31 August each year. During both 
periods, surveys began at approximately sunrise and ended 
before 0900 (CDT); driving speed was approximately 32 kph. 
Counts were restricted to mornings without precipitation, 
wind velocities less than 13 kph, and at least moderate 
dewfall. Birds were flushed when necessary to obtain com­
plete brood counts or to determine if single and paired birds 
had broods and (or) mates. The age of young birds was esti­
mated to the nearest week up to an age of 8 weeks by noting 
the relative size of young and adults and according to 
growth and development criteria described by McCabe and 
92 
Hawkins (1946)-
The total number of partridge observed per 100 km of 
driving between 15 April and 15 May served as an index to 
spring population density. Fall (postbreeding) indices were 
calculated from the number of broods observed per 100 km and 
the total number of adult and young partridge observed per 
100 km in August. Broods seen outside the August period or 
incidental to other field work provided additional information 
on brood size, but were not included in the fall indices. 
Changes in mean brood size with brood age in marked and 
unmarked partridge were used to estimate minimum rates of 
juvenile mortality (Gates 1973). Mean brood size calculated 
from all sightings of young older than 6 weeks of age 
provided, an estimate of production per successful pair of 
adults; birds older than 6 weeks should be beyond the age of 
maximum vulnerability to juvenile mortality (Middleton 1935, 
Jenkins 1961b, Gates 1973). 
A pair-success index was obtained by dividing the number 
of broods seen per 100 km in the fall by the number of adults 
seen per 100 km in the spring. A spring-to-fall gain index 
was obtained by dividing the total number of partridge seen 
per 100 km in the fall by the number of adults seen per 100 
km in the spring. And a fall-to-spring survival index was 
obtained by dividing the number of adults seen per 100 km 
in the spring by the total number of partridge seen per 100 
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km in the preceding fall. These indices were adapted from 
methods used by Gates (1973). Observations of marked birds 
by radio telemetry were not included in calculating these 
indices. 
While conducting trapping operations in the winter, 
attempts were made to find all of the coveys and count the 
total number of partridge occupying the primary study area 
each year. Bag checks and interviews were made of all hunters 
encountered during each hunting season. Hunters were asked 
to report any marked partridge seen, and they were questioned 
about the time they spent hunting, the number and location of 
partridge seen or shot at, and the'number and location of 
partridge bagged. After obtaining consent, partridge bagged 
by each hunter were sexed, aged, and weighed. During the 
period of study, gray partridge hunting seasons in Iowa ex­
tended from early Novonber to early January, with a daily I?ag 
limit of 4 birds and a possession limit of 8 birds; each 
season was concurrent with the Iowa ring-necked pheasant 
season. 
Nesting Studies 
Nest searching for partridge and pheasant nests was 
conducted from mid-June to mid-August each year. Random 
samples of each cover type (whole fields and sections of 
strip cover) were intensively searched by a crew of 4 to 8 
persons. Workers for the nest searching crews were obtained 
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through the CETA (Comprehensive Employment Training Act) 
summer work program. The searchers walked next to each other 
using sticks to part the vegetation to reveal the ground and 
any nests present. The assumption was made that all par­
tridge and pheasant nests present in the area of search were 
found. Corn and soybeans were not searched to avoid damag­
ing those crops. Oats and tame hayfields were searched 
within 1 day after they were mowed. At each nest site, 
location, cover type, clutch size, stage in the nesting cycle 
(laying, incubating, or hatching), and status of the nest 
(active, abandoned, or destroyed) were recorded. Nest bowls 
that had never contained more than 1 egg were not counted as 
nests. Using a long handled net, attempts were made to 
capture incubating females on their nests for purposes of 
attaching radio transmitters to them. Causes of nest aban­
donment or destruction were estimated when possible. Stage 
of incubation when nests were abandoned was estimated, when 
possible, by estimating the age of embryos in the eggs 
according to development criteria reported by McCabe and 
Hawkins (1946). If clutch size and date of hatching were 
known, the date of nest initiation was estimated by assuming 
an egg deposition rate of 1.1 eggs per day, 1 day between 
completion of the clutch and start of incubation, and a 
25-day incubation period (McCabe and Hawkins 1946). 
Vegetation coverage was visually estimated at each nest 
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site by recording the proportion of ground covered to the 
nearest 0.1 when viewing the vegetation immediately adjacent 
to the nest from directly overhead. Vegetation coverage means 
were compared between partridge and pheasants and between 
years using a Students' t-test (Steel and Torrie 1960). 
In 1977, 4 vegetation variables were measured at 
partridge and pheasant nest sites and at random sampling 
points in each cover type. The 4 variables were (1) species 
richness, the number of plant species (forbs and grasses) 
2 
within a 0.5 m rectangular quadrat placed over the nest site 
or sampling point; (2) density index, the height (nearest 0.5 
dm) at which a round "density pole" was first visible when 
the pole was placed vertically in the vegetation and viewed 
by an observer from a distance of 4 m and from a height of 1 
m as described by Robel et al. (1970); (3) light intensity, 
the incident light measured with a light meter at 10 cm above 
the ground in the vegetation and recorded as the percentage 
of unobstructed incident light measured above the vegetation; 
and (4) litter depth, the mean of 5 measurements (nearest mm) 
2 taken randomly within the 0.5 m rectangular quadrat. 
Partridge and pheasant nest sites were compared on the 
basis of the 4 vegetation measurements using linear 
discriminant function analysis (Morrison 1976). Objectives 
of the discriminant analysis were (1) to test the hypothesis 
that partridge nest sites are not different than pheasant 
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nest sites with respect to the 4 variables measured, (2) to 
determine which variables contributed to discrimination 
between groups (partridge and pheasant) and the relative 
contribution of each variable to the discriminant function, 
and (3) to identify and compare characteristics of correctly 
classified versus misclassified nest sites. The BMDP7M 
computer program (Dixon and Brown 1979) was used to perform 
a stepwise discriminant analysis. The program tests the 
equality of group mean vectors by generating a classification 
function (linear combination of variables) that best 
characterizes the difference between groups; the procedure 
finds the subset of variables and coefficients that maximizes 
group differences. The function thus generated was used to 
classify each sample of nest sites into 1 of 2 groups 
(partridge or pheasant) based on values of the selected 
variables associated with that sample. 
Nesting cover types were compared with respect to the 4 
vegetation variables measured at sampling points in each 
cover type. The GLM (General Linear Models) procedure of the 
SAS (Statistical Analysis System) computer programs (Barr et 
al. 1976) was used to perform an analysis of variance to test 
the hypothesis that means of each of the variables were hot 
different among the cover types. The objective of the 
analysis was to compare partridge and pheasant nesting use of 
the cover types in relation to vegetative cover differences. 
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especially with respect to variables retained in the discrimi­
nant function analysis. The cover types sampled for this 
analysis included roadsides, fencelines, idle forbs and grass, 
grass waterways, drainage ditchbanks, and railroad 
right-of-ways. 
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RESULTS AND DISCUSSION 
Trapping 
Winter trapping was the primary method employed to 
obtain a sangle of marked partridge, but the success of the 
method varied considerably among the 3 years of study. 
Trapping operations, including bait-site establishment, 
extended from mid-December to mid-March each year. In 1974-
1975, 25 bait sites were established, 16 (64%) of which were 
used by partridge. A total of 14 trap sites was established 
with a maximum of 9 traps set at 1 time, and the trapping 
effort totaled 301 trap-days. Forty-three partridge were 
captured at 10 (71%) of the trap sites — 33 initial captures 
and 10 recaptures — resulting in 7.0 trap-days per capture. 
The number of partridge captured at each trap site ranged 
from 0 to 7 with a mean of 3.1 birds per trap site. In 1975-
1976, 29 bait sites were established, 9 traps were set, and 
trapping effort totaled 114 trap-days. Partridge did not use 
the bait sites and none were captured in the traps. In 1976-
1977, 27 bait sites were established, and 5 (18%) showed 
evidence of use by partridge. Seven trap sites, with a total 
of 9 traps, were established, and trapping effort totaled 206 
trap-days. Five partridge were captured at 3 trap sites — 2 
pairs and 1 single male. 
Lack of trapping success in the 2nd and 3rd winters of 
study was attributed to the near absence of snow cover during 
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those years; partridge were not forced to seek food at bait 
sites. Repeated snowfall in 1975 resulted in near constant 
snow coverage from early January to mid-March. Coverage was 
greater than 15 cm, and fields were completely covered with 
snow through much of that period. In contrast, snow cover was 
completely lacking during January and February IS76, and an 
accumulation of 8 cm of snow in March lasted about 3 days. 
Snowfall in the winter of 1976-1977 was intermittent from 
December to March, but accumulations never exceeded 10 cm, 
plowed fields were rarely snow covered, and there were many 
days when snow was absent. Food, primarily waste corn in 
stubble fields and plowed fields, was readily available to 
gray partridge throughout the winters of 1975-1976 and 
1976-1977. 
Other investigators mentioned that success in winter 
trapping of gray partridge is highly dependent upon snow 
cover (Upgren 1968, Weigand 1970, Hunt 1972, Bishop et al. 
1977). 
The relationship between snow conditions and trapping 
success is borne out by the 1975 trapping results. A high 
proportion of birds were captured within a few days following 
major snow storms. The distribution of captures was different 
from expected under the hypothesis that the probability of 
capture was independent of the nxamber of days following major 
snow storms (P < 0.005, Table 3). 
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Table 3. Number of partridge captured relative to the number 
of days following major storms in 1975 
Days after 
storm 
Birds 
captured 
Percentage 
of total 
Expected 
captures 
0 - 3  21 49 10.75 
4 - 7  10 23 10.75 
8 - 1 1  5 12 10.75 
12 - 15 7 16 10.75 
Total 43 
= 13.02, P < 
100 
0.005, df = 3 
43.00 
Other methods of capture were attempted during the spring 
in 1975 and 1976. These methods included nightlighting using 
a back-pack generator unit, walking down pairs, and use of a 
clap net (Christensen 1962) at a farmstead frequented by 2 
pair of partridge in 1976. None of these methods was success­
ful. Five female partridge were captured on their nests in 
conjunction with nest searching operations; 2 in 1975, 1 in 
1976, and 2 in 1977. 
Covey break-up 
Timing of covey break-up and pair formation among 
partridge on the study area was associated with differences 
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in winter weather among the 3 years of study. In 1975, the 
period of covey break-up was believed to have occurred from 
25 to 28 February during a major period of thawing. Partridge 
were first observed engaging in courtship behavior on 21 
February. The last date that a covey was observed was 27 
February, and the 1st pair was seen on 3 March. In 1976 and 
1977, covey break-up began in the last week of January, and 
pair formation was nearly complete by mid-February. Although 
reproductive activities began nearly a month later in 1975, 
pair formation was accomplished in the population over a 
shorter period of time than in 1976 or 1977. Bishop et al. 
(1977) also noted that pair formation occurred as early as 
late January in a mild winter, but coveys remained intact into 
March in winters with heavy snow cover. Green and Hendrickson 
(1938), Yocom (1943), and Blank and Ash (1956) reported that 
pair formation was associated with periods of mild weather and 
usually began in late January and February. 
The Marked Sample 
Age and sex ratios 
Of the 33 partridge trapped in 1975, 31 were marked 
with necktags and 2 were fitted with radio transmitters. 
The trapped sample consisted of 8 adult males, 3 adult 
females, 11 immature males, and 11 immature females. 
Although there was a higher proportion of adult males than 
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females, the adult sex ratio did not significantly differ 
from 50% (Y^ = 2.36, P > 0.05, df = 1). The overall sex ratio 
of the trapped sample (58% males) was similar to winter-spring 
sex ratios reported by Farris (1966), 55% males, and Weigand 
(1977), 56% males. Comparable trapping results were obtained 
by Hunt (1974) in 1972 when he captured 14 adult males, 3 
adult females, 20 immature males, and 13 immature females in 
Saskatchewan. However, Bishop et al. (1977) obtained differ­
ent results in Iowa, capturing 17 males and 21 females. 
The age ratios of the trapped sample were 2.0 immatures 
per adult and 7.3 immatures per adult female. Weigand (1977) 
found average age ratios of 2.8 immatures per adult and 7.9 
immatures per adult females during 4 years of winter trapping 
in Montana. Age ratios for a single winter of trapping in 
Saskatchewan were 1.9 immatures per adult and 11.0 immatures 
per adult female (Hunt 1974). 
Body weight 
Adult males had the highest mean weight and adult 
females the lowest (Table 4), but differences in mean weights 
among sex and age classes were not significant (P > 0.05). 
Weights of partridge trapped on the Britt study area compare 
favorably with weights reported in other studies (Yeatter 
1934, Yocom 1943, Pulliainen 1965, Weigand 1977). 
The mean weight of 5 female partridge captured on their 
nests from late June to early July was 409.8 g (SD = 39.6 g). 
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Table 4. Means, standard deviations, and ranges of live 
weights (g) of partridge trapped in February and 
March 1975 and 1977 
Adult Adult Immature Immature 
males females males females 
Mean 401.3 376.3 391.2 385.2 
SD 24.9 24.2 31.9 21.7 
Range 371-443 352-405 336-450 346-418 
N 10 4 12 12 
Nesting female partridge tend to reach maximum weight during 
the late-spring to early-summer egg-laying period, lose weight 
during incubation, and attain minimum weight in late summer 
(Weigand 1977). Stage of incubation was determined for 4 of 
the 5 females captured on nests (Table 5). Weights of these 
birds were negatively correlated with the day of incubation 
(r = -0.98, P < 0.05, df = 2), but no relationship was found 
between weights and date of capture (r = -0.48, P > 0.40, 
df = 3). 
Necktag-marked partridge 
The 31 partridge marked with necktags provided little 
information on movements or habitat use because only 8 of the 
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Table 5. Live weights (g) of female partridge captured on 
their nests 
Date of capture Day of incubation Weight 
25 June 1975 14 382 
26 June 1975 21 367 
7 July 1976 - 414 
15 June 1977 1 470 
25 June 1977 - 10 416 
birds were sighted (excluding recaptures) after they were 
captured and released, and only 1 of the 8 was seen more than 
once. Five birds were observed 5 to. 30 days following their 
capture, 2 birds 145 and 149 days after capture, and a 3rd 
bird 111 days and again at 199 days after capture. None of 
the necktag-marked partridge were recovered during the study. 
Bishop et al. (1977) marked 38 partridge from 7 coveys in 
January and February 1969; marked birds were seen frequently 
near their capture sites through February, but sightings were 
infrequent after that, and no marked birds were seen after 
1 December 1969. Hunt (1974) made only 33 observations during 
the summer of 14 to 15 different marked partridge out of a 
sample of 58. Weigand (1977) marked 470 partridge with neck-
105 
tags over a 5-year period. He sighted these birds an average 
of 1.4 times per bird, but more than 40% of the marked par­
tridge were never seen after capture. Dispersal of marked 
partridge from the. study area is the most likely reason for 
the low frequency of sightings (Hunt 1974, Weigand 1977), 
but mortality of at least some of the marked birds (perhaps 
related to the burden of wearing the necktag or its conspicu-
ousness) may also have been a contributing factor. 
Transmitter-marked partridge 
Attempts to pick up radio signals from 2 immature females, 
fitted with radio transmitters on 17 February 1975, were not 
successful because of malfunctioning of the receiving system. 
After repair of the receiving system, 1 partridge was found 
in a plowed corn field 0.6 km south of the trap site 29 days 
after capture. Only the radio transmitter, right wing, and 
sternum were found, and the cause and time of mortality were 
not determined. Repeated attempts to detect a signal from 
the other partridge were not successful until 81 days after 
capture. The transmitter from this bird was found buried 
under 2 cm of soil in a plowed field 0.8 km northeast of the 
capture site; only the distal three-fourths of the antenna 
was exposed. The fate of the bird was not determined. 
Ten partridge, marked with radio transmitters, provided 
most of the data on movements, activity ranges, and habitat 
use. Two females (434 and 435) were captured on their nests 
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in June 1975; both raised broods. One female (436) was 
captured on her nest in July 1976, but she abandoned her nest 
2 days after capture, and did not attempt to renest. Five 
partridge were captured in traps in 1977. An adult pair 
(437 and 438), captured on 3 February, remained together for 
5 days; then each paired with a new mate. Neither of these 
pairs was successful in producing a brood. A pair of par­
tridge hatched the previous year (439 and 440), captured on 
7 March, remained together and raised a brood. A single 
adult male partridge (441), captured on 19 March, failed to 
obtain a mate and made relatively extensive spring to summer 
movements. This bird was observed approaching females of 
mated pairs on several occasions, but in all cases he was 
driven off by the mated male. Two females (442 and 443), 
captured on their nests in June 1977, failed to produce 
broods. One (442) renested in a cornfield after an iniital 
nesting attempt at the edge of a grass waterway; the 2 nests 
were 101 m apart, and both failed because of nest destruction 
by unknown predators. Female 443 abandoned a clutch of 15 
eggs that she had incubated for 10 days before being dis­
turbed by the nest searching crew. I did not find any evidence 
tJiat this bird attempted to renest. 
Over the 3 years of study, 2,519 telemetry observations 
were obtained. These data were limited to daylight hours 
because, for the most part, the transmitters failed to emit 
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signals after dark. Also, data obtained from Female 436 were 
sporadic because transmitter signals were emitted from this 
bird only under conditions of direct sunlight. Observations 
were made at various times during daylight hours with 596 
(24%) between 0500 and 0859, 620 (25%) between 0900 and 1259, 
747 (30%) between 1300 and 1659, and 556 (22%) between 1700 
and 2059. Each bird was monitored 0 to 6 times per day, and 
the mean interval between observations of individual birds 
was 5.1 hours (SD = 2.1 hours). 
Habitat Use 
Distribution of telemetry observations 
Habitat use was evaluated on the basis of the frequency 
of telemetry observations in the 4 habitat classes during the 
4 seasonal periods. On-nest observations of incubating 
females were eliminated from habitat use calculations. Also, 
female 440 was omitted from the data set because she was 
paired with Male 439; observations of both members of the 
pair were not independent, and the male was selected for 
inclusion in the analysis. When the data were pooled over 
all birds, the percent frequency of occurrence was relatively 
high for corn and low for soybeans during the 1st 2 periods 
(Figure 2). During the final 2 periods, when crops were 
present, soybeans were used at a high frequency. The highest 
frequency of use of hay and strip cover occurred during the 
Figure 2. Percent frequency of observations of transmitter-marked partridge 
in 4 habitat classes by period 
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March-May period. 
When pooled over all birds, the distributions of 
observed frequencies over the 4 habitat classes differed 
from expected distributions for all of the 4 periods (Table 
6). A changing pattern of habitat use occurred relative to 
availability among the 4 periods, resulting from seasonal 
changes in agricultural land use, vegetative cover, and 
partridge behavior. Through most of the September-March 
period, corn and soybean fields lacked vegetative cover. 
During this period, partridge tended to use corn and strip 
cover at a higher frequency than expected, soybean fields at 
a lower frequency, and hay in about the proportion available. 
Harvested and plowed soybean fields provided little cover or 
preferred food for partridge, and use of this cover type was 
relatively low during the September-March period. 
Corn stubble fields received relatively high use during 
the winter. Of the cornfields available during the winter, 
an average of 14% was corn stubble, while an average of 47% 
of the observations in cornfields was in corn stubble. Snow 
cover was light in the winters that partridge were observed. 
In years of heavy snowfall, corn stubble fields usually have 
heavy snow cover, while plowed fields are blown relatively 
free of snow. At such times, corn stubble fields may not be 
as attractive to partridge. 
In the March-May period, use of corn and soybeans was 
Table 6. Distribution of observed (OBS) and expected (EXP) frequencies of 
telemetric observations of a pooled sample of partridge over 4 habitat 
classes for 4 periods. Likelihood ratio chi-square (Y^) tests that the 
distributions are equal. Normal scores (^) test that observed and 
expected proportions of individual habitat classes are equal 
Habitat class 
Period Corn Soybeans Hay Strip y2 
Sep-Mar OBS 174 65 33 54 91.49*** 
EXP^ 143.6 125.1 39.9 17.4 
z 3.34* -6.79* -1.08 8.89* 
Mar-May OBS 200 41 119 131 408.70*** 
EXP 234.5 171.4 59.0 26.1 
Z -3.07* -12.30* 8.26* 21.00* 
May-Jul OBS 242 291 40 94 99.05*** 
EXP 307.6 259.3 65.4 34.7 
Z -5.06* 2.48 -3.24* 10.25* 
Jul-Sep OBS 187 286 56 50 46.94*** 
EXP 261.9 243.7 45.3 28.1 
Z -6.21* 3.52* 1.58 4.14* 
^Critical Z value for multiple comparison of 4 samples and a 0.05 level of 
significance is 2.498. 
*P < 0.05, ***P < 0.001. 
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lower than expected, while use of hay and strip cover was 
higher than expected. Cultivation and planting left crop­
lands bare during this period. These conditions, plus nest 
site selection during this period, resulted in the relative­
ly high use of grass and forb cover found in the hay and 
strip cover classes. 
In the May-July period, the use of corn and hay was 
less than expected, and the use of strip cover was greater 
than expected. Soybeans were used at a higher frequency than 
expected, but the difference was barely nonsignificant 
(P > 0.05). 
In the July-September period, the use of corn was less 
than expected, while the use of soybeans and strip cover was 
greater than expected. The hay habitat class was used at 
about the same frequency as expected. 
Over all periods, an average of 70% of the telemetry 
locations was in corn and soybean fields; this was a majority 
of the observations, but less than the average of 85% of the 
total area in row crops. An average of 13% of the locations 
was in hay compared with an average of 10% of the available 
area in this habitat class. Within the hay-habitat class, 
79% of the observations were in hayfield cover, more than 
double the percentage available (Table 7). Oats, pasture, 
and idle cover received a much lower frequency of use and a 
lower proportional use than the area available. Most pastures 
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Table 7. Distribution of observed and expected frequencies 
of telemetric observations of a pooled sample of 
partridge over 4 habitat types within the hay 
2 habitat class- Likelihood ratio chi-square CY ) 
tests that the distributions are equal 
Habitat 
type 
Observed 
frequencies 
Expected 
frequencies 
Hayfields 
Oats 
Pasture 
Idle 
Y = 
196 
32 
5 
15 
242.70, P < 0.001, df 
8 6 . 8  
49.6 
81.8 
29.8 
= 3 
were overgrazed, and virtually all the idle grass and forb 
cover on the study area was closely associated with farm­
steads . 
An average of 17% of the locations was in strip cover 
compared with an average of 5% of the available area in this 
cover type. Within the strip-cover habitat class, 78% of the 
observations were in roadside cover. The proportion of the 
strip-cover observations in roadside and fenceline cover 
exceeded the proportional area represented by these habitat 
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types, whereas field roads, terraces, drainage ditchbanks, 
grass waterways, and railroad right-of-ways were utilized 
less frequently than expected (Table 8). Relatively wide 
strip .cover, drainage ditchbanks, grass waterways, and 
railroad right-of-ways seemed to be much less preferred by 
partridge than the much narrower roadside and fenceline 
cover. 
The general pattern of habitat use was not consistent 
among the birds studied. Based on tests of the null 
hypothesis that median differences between observed and 
expected frequencies were zero, consistent preferential use 
of corn- and hay-habitat classes was not demonstrated for 
any of the time periods (Table 9). The sample of partridge 
consistently utilized strip cover at a higher frequency 
than expected in the 3 periods extending from May to March 
(P < 0.05, Table 9). Although all of the birds in the 
March-May period had a high frequency of occurrence in strip 
cover, the probability value is higher than the critical level, 
of 0.05 owing to the small sample size (N = 4 birds) using 
the Wilcoxin signed-rank test. Strip cover is selected 
throughout the year by gray partridge as indicated by these 
results. The birds consistently used soybean fields at lower 
than expected frequencies from fall to spring (Table 9). 
Thus, partridge tended to use soybean fields infrequently 
during periods of the year when the fields lacked vegetative 
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Table 8. Distribution of observed and expected frequencies 
of telemetric observations of a pooled sample of 
partridge over 7 habitat types within the strip 
cover habitat class. Likelihood ratio chi-square 
2 (y ) tests that the distributions are equal 
Habitat 
type 
Observed 
frequencies 
Expected 
frequencies 
Roadside 257 138.2 
Fenceline 53 26.3 
Field road 2 13.2 
Terrace 3 6.6 
Drainage ditch 7 00
 
M
 
Grass waterway 4 26.3 
Railroad 3 39.5 
= 316.57, P < 0.001, df = 6 
cover. Consistent preference for soybeans was not found for 
the 2 periods extending from May to September (Table 9}. 
Among the 8 birds monitored in the July-September period, 
the proportional use of hay cover was positively correlated 
with the proportional availability of hay cover (r = 0.78, 
P < 0.05, df = 6), while the proportional use of soybeans was 
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Table 9. Distribution of partridge with respect to depar­
ture of observed from expected frequencies of 
telemetric observations for 4 habitat classes and 
4 periods, with tests of hypotheses that median 
differences are zero 
Habitat Birds Birds Median 
Period class > exp.^ < exp." difference^ 
Sep-Mar Corn 5 2 4.4 
Soybeans 1 6 -10.7* 
Hay 1 6 — 0.8 
Strip 6 1 2.3* 
Mar-May Corn 2 2 — 0.6 
Soybeans 0 4 -30.1 
Hay 2 2 7.3 
Strip 4 0 17.4 
May-Jul Corn 1 6 - 6.5 
Soybeans 4 3 3.1 
Hay 1 6 — 3.1 
Strip 6 1 4.7* 
Jul-Sep Corn 2 6 -10.2 
Soybeans 6 2 7.4 
Hay 2 6 - 1.7 
Strip 8 0 3.6* 
^Number of birds with a higher frequency than expected, 
b Number of birds with a lower frequency than expected. 
^Median difference between observed and expected fre­
quencies for a sample of partridge in each time period. 
*P < 0.05 that the median difference is zero based on 
the Wilcoxin signed-rank test for paired samples. 
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negatively correlated with the proportional availability of 
hay cover (r = -0.90, P < 0.01, df = 6). All other correla­
tions between proportional use and proportional availability 
of cover types were not significantly different from r = 0 
(P > 0.10). These findings indicate a preference for hay 
cover, and are in agreement with the theoretical ideas on 
resource selection advocated by Goss-Custard (1977); i.e., 
use of a preferred resource (habitat type) depends upon its 
abundance, while use of a less preferred resource depends 
upon not only its abundance, but also on the abundance of the 
preferred resource. Consequently, proportional use of a 
preferred resource should increase with its abundance, and 
proportional use of a less preferred resource should be 
inversely related to the abundance of the preferred resource. 
A definitive demonstration of habitat preference by gray 
partridge cannot be inferred from a correlation analysis, but 
soybeans, because of their overwheIming abundance, seem to 
receive a higher frequency of use than hay cover, which is 
not abundant, but may be a preferred cover type in late 
summer. 
Distribution of roadside observations 
Habitat use was independently assessed by comparing the 
distribution qf roadside observations, with respect to 
associated habitat classes, with an expected distribution for 
each time period. The hypotheses that habitat class was 
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independent of year and social class (broods vs. adults 
without broods) were tested with contingency table analyses 
for each period. These hypotheses were not rejected 
(P > 0.10), and the data were pooled over the 3 years and 2 
social classes for each time period. The observed distribu­
tion did not differ from expected distribution of habitat 
class associations for the September-March period (P > 0.05, 
Table 10) . Observed distributions were different than 
expected for the other 3 periods (P < 0.05, Table 10). The 
pattern of use was similar to that found for the pooled 
sample of transmitter-marked partridge; the only significant 
departures (P < 0.05), based on ^  values, occurred with 
respect to associations with soybean fields (Table 10) . 
Partridge were associated less frequently with soybean 
fields than expected in the March-May period (when fields 
were plowed and cultivated) and more frequently than expected 
in the May-July and July-September periods. 
Distribution within fields 
Gray partridge have been described as inhabitants of 
open farmland where they are fairly evenly distributed 
(Westerskov 1977). However, partridge distribution may be 
associated with field edges or strip cover. Hunt (1974) found 
that the ends or breaks' of hedgerows received the greatest use 
by partridge during the spring and summer in Saskatchewan. In 
Montana, Weigand (1977:258) found that 95% of the partridge 
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Table 10. Distribution of observed (OBS) and expected (EXP) 
frequencies of roadside observations of partridge 
over 3 habitat classes for 4 periods. Likeli­
hood ratio chi-square (Y^) tests that the distri­
butions are equal. Normal scores (^) test that 
observed and expected proportions of individual 
habitat classes are equal 
Habitat class 
Period Corn Soybeans Hay, strip r 
Sep-Mar OBS 19 13 12 5.63 
EXP 18.5 18.9 6.6 
0.01 -1.66 2.07 
Mar-May OBS 46 24 15 7.95* 
EXP 35.7 36.5 12.8 
Z 2.15 -2.65* 0.52 
May-Jul OBS 56 64 17 6.62* 
EXP 67.1 49.3 20.6 
Z -1.81 2.52* -0.74 
Jul-Sep OBS 80 88 27 7.04* 
EXP 95-6 70.2 29.2 
Z -2.16 2.58* -0.34 
^Critical ^  value for multiple comparison of 3 
samples and a 0.05 level of significance is 2.394. 
*P < 0.05. 
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observed on his study area were within 35 m of a land-use 
class different from the one on which they were observed. On 
the Britt study area, 59% of 1,960 telemetry observations of 
birds in fields were within 32 m of field edges, a much lower 
percentage than Weigand's, but high enough to suggest a 
possible preference for the outer portion of crop fields or 
for proximity to field edges. 
Observed frequency distributions over the 3 field 
positions were compared with expected distributions for the 
4 periods. The distribution of observations pooled over all 
birds was significantly different from expected for all time 
periods (P < 0.001, Table 11). The distributions of ^ -scores 
followed a consistent pattern of higher than expected use of 
the edge zone and lower than expected use of the center zone 
in each period (Table 11). This pattern of use was consistent 
among the partridge in the telemetry-marked sample (Table 12). 
The birds demonstrated a preference for the periphery over 
the more central portions of fields. 
Habitat use by broods 
The 3 birds with broods exhibited the highest frequency 
of use of strip cover, relative to expected, of the 7 birds 
monitored in the May-July period, but the lowest frequency of 
use of strip cover in the July-September period. There was no 
clear difference, based on the small sample of marked 
partridge, between birds with broods and birds without broods 
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Table 11. Distribution of observed (OBS) and expected (EXP) 
frequencies of telemetric observations of a pooled 
sample of partridge over 3 field positions for 4 
periods. Likelihood ratio chi-square (Y^) tests 
that the distributions are equal. Noirmal scores 
(^) test that observed and expected proportions 
of individual field positions are equal 
Field position^ 
Period Edge Medium Center I 
Sep-Mar OBS 122 139 54 113.50*** 
EXP^ 50.2 150.6 114.2 
1 10.98* -1.25 -7.00* 
Mar-May OBS 270 158 33 631.27*** 
EXP 61.1 183.3 216.6 
2 28.63* -2.36 -17.09* 
May-Jul OBS 258 262 114 354.09*** 
EXP 86.9 260.7 286.4 
Z 19.70* 0.06 -13.72* 
Jul-Sep OBS 156 245 149 100.80*** 
EXP 77.7 233.1 239.2 
Z 9.52* 0.98 -7.71* 
^Edge, < 16m; Medium, 16-64m; Center, > 64m from the 
field edge. 
^Critical ^  value for multiple comparison of 3 samples 
and a 0.05 level of significance is 2.394. 
*P < 0.05, ***P < 0.001. 
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Table 12. Distribution of partridge with respect to depar­
ture of observed from expected frequencies of 
telemetric observations for 3 field positions 
and 4 periods, with tests of hypotheses that 
median differences are zero 
Field Birds, Birds Median 
Period position^ > exp. < exp.^ difference 
Sep-Mar Edge 7 0 8.4* 
Medium 1 6 - 3.1 
Center 0 7 - 5.6* 
Mar-May Edge 4 0 55.0 
Medium 1 3 - 4.0 
Center 0 4 -57.7 
May-Jul Edge 7 0 14.8* 
Medium 3 4 • - 9.3 
Center 0 7 -22.6* 
Jul-Sep Edge 8 0 8.5* 
Medium 4 4 - 0.1 
Center 0 8 - 9.8* 
^Edge, < 16m; Medium, 16-64m; Center, > 64m from the 
field edge. 
^Number of birds with a higher frequency than expected, 
dumber of birds with a lower frequency than expected. 
Median difference between observed and expected fre­
quencies for a sample of partridge in each time period. 
*P < 0.05 that the median difference is zero based on 
the Wilcoxin signed-rank test for paired samples. 
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for other habitat classes or periods-
Habitat use in relation to brood age was evaluated for 
the 3 broods monitored by telemetry. Hatching dates were 6 
July 1975 for Female 434, 30 June 1975 for Female 435, and 16 
June 1977 for Female 440- The hypotheses that habitat class 
and field position were independent of brood age were tested 
with contingency table analyses using a likelihood ratio 
chi-square statistic. Brood age was defined in terms of 4 
bi-weekly classes. To obtain sufficient sample size for valid 
statistical tests (Upton 1978), data from the 3 broods were 
pooled and the hay and strip cover classes were combined. The 
hypothesis of independence between brood age and habitat class 
was rejected (P < 0.001, Table 13), and the hypothesis of 
independence between brood age and field position was also 
rejected (P < 0.001, Table 14). Birds tended to use soybeans 
at a high frequency and corn at a low frequency through the 
1st 4 weeks of life, but use of corn increased from 5 to 8 
weeks of age (Table 13). Hay and strip cover were used at a 
relatively high frequency through 2 weeks of age, as was the 
edge position within fields (Table 14). After 2 weeks of age, 
partridge broods were distributed more evenly within fields, 
and they used hay and strip cover less frequently. 
Other investigators have observed time-related changes 
in habitat utilization by broods. In Montana, Weigand (1977) 
found that partridge broods changed from a high proportional 
Table 13. Test of independence between brood age and habitat class for a pooled 
sample of 3 partridge broods 
Age in weeks 
Habitat 1-2 3-4 5-6 7-8 Total 
Corn OBS 19 9 34 42 104 
EXP 28.6 26.5 22.6 26.2 
Soybeans OBS 58 74 33 36 201 
EXP 55.3 51.3 43.7 50.7 
Hay, strip OBS 18 5 8 9 40 
EXP 11.0 10.2 8.7 10.1 
Total 95 88 75 87 345 
= 56.18, P< 0.001, df = 6 
Table 14. Test of independence between brood age and field position for a pooled 
sample of 3 partridge broods 
Field Age in weeks 
position 1-2 3-4 5-6 7-8 Total 
Edge* OBS 
EXP 
34 
22.8 
19 
23.0 
14 
18.8 
20 
22.4 
87 
Medium^ OBS 
EXP 
35 
31.6 
21 
32.0 
31 
26.1 
34 
31.3 
121 
Center^ OBS 
EXP 
17 
31.6 
47 
32.0 
26 
26.1 
31 
31.3 
121 
Total 86 
= 27.14, P< 
87 
0.001, 
71 
df = 6 
85 329 
®Less than 16 m from the field edge. 
^16-64 m from the field edge. 
^Greater than 64 m from the field edge. 
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use of rangeland in July to a greater use of small grains in 
September. Pheasant broods in Iowa (Kczicky 1951) and 
Illinois (Warner 1979) exhibited a heavy use of hay, oats, 
and strip cover during the 1st few weeks of life with greater 
use of row-crops as brood age increased. Warner (1979) found 
that shifts in the use of cover by pheasant broods were more 
a function of brood age than of crop phenology or of the 
harvest of hay or oats. 
Use of grass and forb cover by young broods is probably 
related to the abundance and diversity of arthropods, which 
are needed to meet the high protein requirements of partridge 
during their 1st few weeks of life (Potts 1971). Potts 
(1971) reported that the rate of chick survival of partridge 
in Great Britain was associated with the density of arthropods 
in cereal grains, and a declining trend in the partridge 
population paralleled a decline in the biomass of insects 
after increased application of herbicides on croplands. 
Observing a decline in the size of pheasant broods on 
his study area in Illinois, Warner (1979) believed that the 
reduction of prime brood habitat (hay and small grains) was 
approaching critical levels as the production of corn and 
soybeans expanded; pheasant broods exhibited a high use of 
hay and oats and low use of corn and soybeans relative to the 
availability of these cover types. Stokes (1954) also 
believed that availability of insects and succulent forbs and 
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grasses was related to pheasant brood production on Pelee 
Island, Ontario. 
On the Britt study area, young partridge seemed to prefer 
soybean fields, particularly birds up to 4 to 5 weeks of age, 
perhaps compensating for the low availability of grass and 
forb cover. Arthropod densities in soybeans may be sufficient 
to support young partridge, especially near the edges of 
fields where both the species diversity and abundance of 
arthropods have been found to be greatest (Mayse and Price 
1978). I observed both adult and young partridge actively 
feeding from soybean leaves as well as from the ground in 
soybean fields. 
Environmental associations 
Telemetry observations were classified by levels of 
activity, time-of-day, and several weather variables, as well 
as by bird and habitat. Continuous variables were partitioned 
into class intervals (levels), and cross-tabulations of 
observation frequencies by levels were used to measure 
associations between variables with contingency table analy­
sis. The purpose of the analysis is to evaluate the effects 
of time-of-day and weather on habitat use and activity among 
the telemetry-monitored partridge. Because several variables 
might be expected to be intercorrelated (for example, 
time-of-day, temperature, and vapor pressure), separate 
analysis of 2-way tables (for example, habitat x time-of-day 
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and habitat x temperature) would not yield independent results 
and would be difficult to interpret. Consequently, a multiway 
contingency table analysis was used in which a series of 
log-linear models was fitted to the frequency data. The 
method was described by Fienberg (1970), Upton (1978), and 
Dixon and Brown (1979), and has been used by Gilmer et al. 
(1975). The analysis is based on fitting hierarchical models 
to the cell frequencies of a table; i.e., the logarithm of an 
expected cell frequency is written as an additive function of 
main effects and interactions of the variables. The likeli­
hood ratio chi-square (Y^) test can be used to test the fit 
of the models to the observed frequency distribution, and 
because this test statistic is additive under partitioning 
for nested models (Upton 1978), the significance of particu­
lar effects can be assessed. Two models are nested if all of 
the effects in 1 are a subset of the effects in the other. 
2 The difference in Y between the 2 models is a test of the 
additional effects in 1 model not included in the other. 
Individual effects are not independent, but are conditional 
on all other effects in the model. In this way, tests for 
Ist-order and higher interaction effects can be made while 
accounting for the effects of other combinations of variables 
in the model. 
Data for the 3 seasonal periods from March to September 
in 1977 were included in the analysis, these having sufficient 
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observations for multiple classification. Of primary interest 
in testing the hypothesis that variation in habitat use and 
activity level were independent of time-of-day and weather, 
was testing the significance of Ist-order interactions (2-way 
cross-tabulations). Variables and levels used in the analysis 
included: bird (B) - 4 or 5 levels, habitat (H) - 4 levels, 
activity (A) - 2 levels, time-of-day (T) - 4 levels, 
temperature (C) - 4 levels, wind velocity (W) - 4 levels, 
barometric pressure (P) - 4 levels, direction of change in 
barometric pressure (D) - 3 levels, cloud cover (S) - 2 levels, 
vapor pressure deficit (V) - 4 levels, and precipitation in 
the previous 24 hours (R) - 2 levels. Using the BMDP3F 
program (Dixon and Brown 1979), main effects and interactions 
of these variables were screened by seasonal period, and all 
effects not significantly different from zero (P > 0.05) were 
eliminated from further consideration. Remaining effects 
were tested in various models, and nonsignificant effects 
were further eliminated until a parsimonious model was chosen 
that explained the observed frequency distribution. 
In all 3 seasonal periods, none of the 2nd-order (3-way) 
or higher interaction effects were significantly different 
from zero (P > 0.05). In addition, none of the Ist-order 
(2-way) interactions between any of the weather variables and 
habitat or activity were significantly different from zero 
(P > 0.05). As expected from the results of the use-avail­
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ability analysis, the bird x habitat interaction effect (BH) 
was significantly different from zero (P < 0.001) in all 
models tested. 
For the March-May period, the BH,BA, TA hierarchical 
model was nonsignificant (P > 0.50) and therefore provided a 
sufficient fit of the observed frequency distribution. All 
3 Ist-order interactions were significant (P < 0.001). 
Further discussion of interactions involving variation 
among individual birds, beyond the use-availability analysis, 
will not be made. The birds were recorded as inactive more 
often from late morning through the afternoon (Table 15). 
Since the 2nd-order interaction (BTA) was not significant 
(P > 0.50), the relationship between activity level and 
time-of-day was judged to be consistent among the birds. 
For the May-July period, the BH, BA, TH, TA model was 
nonsignificant (P > 0.40), and therefore fit the observed 
frequency distribution. All 4 Ist-order interactions were 
significant (P < 0.01). Consistent with the March-May 
period, the marked partridge were active more often in the 
morning and evening, than from late morning through the 
afternoon (Table 16). The primary association between 
time-of-day and habitat use was reflected in a relatively 
higher than expected use of hay cover and lower than 
expected use of corn in the evening (Table 17). Although 
row-crops were used at a high frequency throughout the day 
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Table 15 . Observed frequencies and standardized estimates 
of log-linear parameters for effects attributed to 
time-of-day x activity interaction, March-May 1977. 
For each cell, a value >2.00 indicates a frequency 
greater than expected, a value <-2.00 indicates a 
frequency less than expected 
Time-of-day 
Activity 0500-0859 0900-1259 1300-1659 1700-2059 
Inactive 28 70 93 33 
-1.93 3.13 2.90 -3.33 
Active 55 5 3 77 80 
1.93 -3.13 -2.90 3.33 
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Table 16. Observed frequencies and standardized estimates of 
log-linear parameters for effects attributed to 
time-of-day x activity interaction, May-July 1977. 
For each cell, a value >2.00 indicates a frequency 
greater than expected, a value< -2.00 indicates a 
frequency less than expected 
Time-of-day (CST) 
Activity 0500-0859 0900-1259 1300-1659 1700-2059 
Inactive 59 72 95 39 
-2.84 2.04 2.59 -1.56 
Active 125 67 81 71 
2.84 -2.04 -2.59 1.56 
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Table 17. Observed frequencies and standardized estimates of 
log-linear parameters for effects attributed to 
time-of-day x habitat interaction, May-July 1977. 
For each cell, a value > 2.00 indicates a frequency 
greater than expected, a value < -2,00 indicates a 
frequency less than expected 
Time-of-day (CST) 
Habitat 0500-0859 0900-1259 1300-1659 1700-2059 
Corn 70 58 72 26 
0.76 0.61 1.39 -2.40 
Soybeans 82 51 74 56 
0.61 -1.22 0-31 0.45 
Hay 9 9 6 16 
-0.73 -0.22 -1.44 2.33 
Strip 23 21 24 12 
-0.05 0.44 0.53 -0.93 
compared to hay and strip cover, a substantial drop in the 
frequency of observations in corn occurred in the evening with 
a corresponding increase in the relative frequency of use in 
hay cover and, to some extent, in soybeans. Partridge pairs 
and broods seemed to move out of cornfields to hayfields and 
soybean fields in the evening where they searched for food 
before going to roost. These observations are consistent 
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with the observed association between time-of-day and activity 
(Table 16). 
For the July-September period, the BH, BA, TH model was 
nonsignificant (P > 0.50), and therefore fit the observed 
frequency distribution. All 3 Ist-order interactions were 
significant (P < 0.01). In a similar fashion to the May-July 
period, the marked partridge utilized row-crops, especially 
corn, during the midday time periods, but a marked drop in 
frequency of observations in corn and a corresponding increase 
in the frequency of observations in hay cover occurred (Table 
18). Again there appeared to be a general movement of 
partridge from corn to hay cover (and, to some extent, 
soybeans) in the evening. 
The fact that weather variables considered in this 
analysis were not associated with variation in habitat use 
or activity does not imply that partridge are unresponsive to 
ambient conditions of their environment. Standard, open-air 
conditions were measured from a single point at the edge of 
the study area, often some distance from the location of a 
monitored bird. Actual microclimate conditions experienced 
by an individual partridge and changes in microhabitat made 
in response to such conditions were not measured. 
The time-of-day x habitat interaction was significant 
for the May-July and July-September periods (Tables 17 and 
18), these being the 2 periods when vegetation covered crop 
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Table 18. Observed frequencies and standardized estimates of 
log-linear parameters for effects attributed to 
time-of-day x habitat interaction, July-September 
1977. For each cell, a value > 2.00 indicates a 
frequency greater than expected, a value < -2.00 
indicates a frequency less than expected 
Time-of-day (CST) 
Habitat 0500-0859 0900-1259 1300-1659 1700-2059 
Corn 31 40 55 9 
0.46 2.57 2.10 -3.87 
Soybeans 35 23 51 30 
0.38 -1.58 0.64 0.70 
Hay 10 7 17 18 
-0.73 -1.47 -0.35 2.82 
Strip 8 9 8 7 
0.08 0.83 -1.52 0.58 
fields. A shift from corn in midday to hay and soybeans in 
the evening is consistent with daily activity cycles observed 
by Yeatter (1934), Jenkins (1961a), Hunt (1974), and Weigand 
(1977). I did not obtain roost-site information, but Yéatter 
(1934) reported that, in summer, partridge on his Michigan 
study area rested in corn fields during the day, generally 
fed in stubble fields or along roads during morning and 
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evening, and roosted in open fields, especially grain and 
hay stubble. The association between time-of-day and activity 
level (Tables 15 and 16) was consistent with the daily pattern 
of feeding and resting; however, this relationship did not 
hold for the July-September period. Weigand (1977) reported 
that feeding activity extended later into the morning in early 
fall than during summer. Also, whether partridge are feeding 
or not, increased mobility and general activity may follow 
termination of nesting activities and growth of young in late 
summer. In cross-tabulations of time-of-day x activity for 
the July-September period, the hypothesis of independence 
between the 2 variables was not rejected (P > 0.10); a 
consistently high level of activity was observed for all time 
periods (Table 19). 
Movements and Activity Ranges 
Sightings of necktag-marked birds 
Of 5 birds observed within 1 month after capture, 4 were 
seen within 0.3 km of their capture site, and 1 bird was 
observed 2.4 km from its capture site. There were no obser­
vations of marked birds from 20 March through 9 June. Three 
marked partridge were seen 0.8 to 2.7 km from their capture 
sites between 111 and 209 days after capture. 
Since observations of necktag-marked partridge were 
infrequent and only 8 of 31 marked birds were sighted, the 
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Table 19. Test of independence between time-of-day and 
activity for a pooled sample of 5 partridge, 
July-September 1977 
Time-of-day (CST) 
Activity 0500-0859 0900-1259 1300-1659 1700-2059 
Inactive OBS 25 24 54 23 
EXP 29.6 27.8 46. 1 22.5 
Active OBS 59 55 77 41 
EXP 54.4 
= 4.01, P 
51.2 
> 0.10/ df 
84. 
= 3 
9 41.5 
observed winter to summer dispersal distances may not fully 
represent ranges of dispersal in the partridge population or 
even in the marked sample. Weigand (1977) found that 86% of 
320 marked partridge remained within 0.6 km of their initial 
winter trap sites, but 6 birds (2%) moved farther than 3.3 km, 
and 1 immature male moved 5.8 km. Weigand noted that 8 of 14 
immature males moved away from their winter ranges in the 
spring but returned to their original winter ranges by the 
next winter. These findings may explain why marked partridge 
were not observed during April and May on the Britt study 
area, but were seen in June, July, and September. 
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Telemetry observations 
Activity ranges were estimated for each of the trans­
mitter-marked partridge for the entire period that individual 
birds were monitored and for each of 8 different time periods. 
The time periods chosen were 1 January-15 March (Period 1), 
16 March-15 April (Period 2), 16 April—15 May (Period 3), 
16 May-15 June (Period 4), 16 June-15 July (Period 5), 
16 July-15 August (Period 6), 16 August-15 September (Peri­
od 7), and 16 September-31 December (Period 8). Periods 1 
and 8 were longer than 1 month because these periods encom­
passed months with few telemetry observations per bird 
monitored. Centers of activity were calculated as bivariate 
means of the rectangular coordinates of the activity ranges. 
Tests for differences between adjacent centers of activity 
were made with Hotelling's-T^ 2-sample test (Morrison 1976). 
A significance level of 0.05 was used as a criterion for 
rejection of the null hypothesis that adjacent centers of 
activity were equal. 
Average overall activity range for 6 birds that were 
monitored over 4 or more time periods was 1.93 km 
(SD = 0.98 km^). All of the birds included in this sample 
were mated through at least most of the time that they were 
2 
monitored. Overall activity range varied from 0.84 km for a 
male that lost his mate in mid-summer to 3.66 km^ for a 
female that extended her range after joining, along with her 
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mate, a 2nd pair of adults in late summer. An unmated male 
(441) made extensive movements in the spring and summer. 
Activity ranges for this bird varied from 0.97 km^ for 
July-August to 8.96 km^ for March-April, and the overall 
activity range was 13.08 km , more than 3 times the largest 
activity range for the sample of mated partridge. Jenkins 
(1961a) noted that unmated males were nomadic in the spring, 
and their numbers fluctuated locally as they often made 
extensive movements in their attempts to pair with 
already-mated females in different fields. Plots of overall 
activity ranges for all of the telemetry-marked partridge are 
presented in the Appendix. 
Mean activity ranges of the sample of mated partridge 
seemed to vary with season (Table 20). Small sample sizes 
(Table 20) precluded testing of the hypothesis that mean 
activity range was homogeneous over the 8 time periods. 
However, the same 5 birds were monitored over the last 4 
periods providing a sufficient sample for testing the 
hypothesis. Activity ranges over the 4 periods were ranked 
for each bird in the sample, and the Friedman test (Gibbons 
1976:310-313) was applied to the sample set of ranks to test 
the null hypothesis that the last 4 time periods were homo­
geneous with respect to rank of activity range. The 
hypothesis was rejected (P < 0.01), and based on a multiple 
comparisons test (Gibbons 1976:313) significant differences 
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Table 20. Means and standard deviations (SD), by time period, 
of activity ranges and daily movement rates of 
mated partridge monitored by telemetry 
Period Activity range (km^) Movement rate (m/hr) 
number Period N Mean SD N Mean SD 
1 Jan-Mar 4 0.47 0.23 2 49.3 31.5 
2 Mar-Apr 3 0.10 0.02 2 26.4 1.6 
3 Apr-May 2 0.10 0.06 2 31.4 6.1 
4 May-Jun 2 0.10 0.02 2 26.7 3.2 
5 Jun-Jul 6 0.27 0,11 6 36.9 9.1 
6 Jul-Aug 7 0.96 0.75 6 50.0 15.4 
7 Aug-Sep 6 0.37 0.24 5 42.5 13.7 
8 Sep-Dec 5 0.94 0.28 5 46.5 18.1 
were found between periods 5 and 6 and periods 6 and 7 
(P < 0-05). The sample of mated partridge exhibited a 
consistent increase in activity range from June-July to 
July-August followed by a reduction in range size for the 
August-September period. 
An increase in range size in late summer could have 
resulted from increased exploration and dispersal by partridge 
as nesting activities came to a close and chicks acquired 
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increased mobility. A spatial change in activity range 
through dispersal should be reflected in a significant change 
in activity centers between time periods. Increased mobility 
with expansion of range and (or) dispersal should be reflected 
in significant changes in daily movement rates between time 
periods. Distances between activity centers of adjacent time 
periods ranged from 0.04 km to 1.22 km with 20 (64%) out of 31 
differences between activity centers significant (P < 0.05). 
The hypothesis that distances between activity centers of 
adjacent time periods was homogeneous over periods 5 to 8 
was not rejected (P > 0.50). Consequently, the monitored 
partridge tended to use different parts of their overall 
activity ranges throughout the year, but a consistent change 
in distribution from summer to winter was not demonstrated. 
Four females (434, 435, 436, and 443) shifted their range 
more or less unidirectionally from summer to winter (Appendix 
Figures Al, A2, A3, and AlO). These movements coincided with 
increased use in fall and winter of corn stubble fields, which 
were limited in distribution in these birds' activity ranges. 
Activity centers for the other birds in the sample did not 
change unidirectionally, but rather, these birds moved back 
and forth within their overall activity range (Appendix 
Figures A4 to A9). Corn stubble fields were more readily 
available within the summer ranges of these birds. Late 
summer to winter changes in distribution may have represented 
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movements to former winter ranges rather than an attraction 
to corn stubble fields. Weigand (1977) concluded that 
partridge show a high fidelity to winter ranges; birds that 
disperse in the spring often return to former winter ranges. 
Jenkins (1961a) reported that adult partridge exhibit high 
fidelity to spring range and tend to nest in the same area as 
in a previous year. Male 439 generally moved westward 
through the spring and summer after capture, but then returned 
eastward in late summer, and its September-December activity 
center was adjacent to its late-winter capture site (Appendix 
Figure A6). The following spring, Male 439 was observed very 
close to its activity centers and nest site of the previous 
spring. These observations of a single partridge tend to 
support the claims of both Weigand (1977) and Jenkins (1961a) 
about fidelity to seasonal ranges. 
Weigand (1977) observed that winter coveys in Montana 
had restricted ranges with a 5-year mean of 1.4 ha (range = 
0.1 to 5.6 ha for 22 coveys). Farris (1966) reported a mean 
winter range for 19 coveys in Illinois of 15.6 acres (6.3 ha) 
with a range of 0.8 to 56.1 acres (0.3 to 22.7 ha). Only 1 
bird (434) was monitored during a period comparable to winter 
observations made by Farris and Weigand. During 1-14 January, 
Female 434 had an activity range of 58.7 ha, much larger than 
maximum winter ranges observed in Illinois and Montana. 
However, it must be noted that both Farris (1966) and Weigand 
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(1977) estimated winter ranges from visual observations of 
coveys, which are not directly comparable with telemetry 
observations. 
Mean daily movement rates (meters per hour) generally 
followed the same pattern across time periods as mean activity 
ranges (Table 20). Although the highest mean movement rate 
was observed for the July-August period, mean movement rates 
were not significantly different among the last 4 time 
periods (P > 0.30). 
It seems likely that partridge expand their range during 
late summer to fall in the relatively homogeneous habitat 
of the Britt study area rather than follow a pattern of 
general post-nesting-season dispersal. Increased mobility 
may occur in association with an increase in activity range, 
but such a relationship was not demonstrated by the small 
sample of partridge monitored by telemetry. Change in daily 
movement rate between time periods was more variable than 
change in activity range among the birds in the sample, at 
least over the 4 periods from mid-June through December. 
Linear range 
Activity ranges of most of the monitored partridge were 
elongate in shape; total activity ranges of Female 436, Male 
439, and Female 440 appeared to approach circularity (Appendix 
Figures Al-AlO). Farris (1966) and Weigand (1977) found 
distinct linearity in the partridge ranges they measured. 
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Mean linear range (maximum distance between locations) of the 
total activity ranges was 2.42 km (SD = 1.52 km). This 
distance varied from 1.11 km for Female 436 to 6.03 km for 
Male 441. Linear range and activity range are highly 
correlated (r = 0.97, P < 0.001, df = 7). Consequently, . 
little information is added on the spatial distribution of 
partridge activity by considering linear range as well as 
activity range estimates except for comparison with other 
studies in which linear measures of range were reported. 
Based on direct observation of unmarked coveys, Yeatter 
(1934:40) estimated the "cruising radius" (Leopold 1933) of 
coveys in southeastern Michigan, a measure defined as "the 
distance between points at which the same covey may be found". 
Yeatter reported that 20% of the winter coveys had cruising 
radii of not more than 0.13 mile (0.20 km), 55% averaged about 
0.20 mile (0.32 km), and about 25% moved up to 0.50 mile 
(0.80 km). However, he was unable to fully trace the 
movements of all coveys. Yocom (1943) believed that 75% of 
the winter coveys on his Washington study area had a cruising 
radius of about 0.25 mile (0.40 km), and nearly all winter 
coveys had cruising radii within 0-50 mile (0.80 km). McCabe 
and Hawkins (1946:67) stated that the average cruising radius 
for winter coveys in southern Wisconsin was 0.50 mile 
(0.80 km), but several coveys moved more than 1 mile (1.61 3cm) 
in late winter. Farris (1966) reported that maximum seasonal 
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movements in Illinois were 0-50 mile (0.80 km) for single or 
paired birds and 0.80 mile (1.29 km) for coveys. In Iowa, 
Green and Hendrickson (1938) and Bishop et al. (1977) stated 
that most coveys do not range over 0.25 mile (0.40 km) during 
the winter. On the Britt study area, covey ranges were not 
determined over an entire winter period. Linear ranges from 
late winter to spring varied from 0.84 km to 1.42 km, and 
Female 434 had a linear range from 1-14 January of 1.64 km. 
These values are within expected limits established by the 
other studies. High variability in the estimation of range 
limits is not surprising in view of the different methods of 
observation employed, but variation in the area traversed by 
partridge may also reflect differences in habitat quality and 
population density between sites-
Activity range in relation to habitat 
In England, Jenkins (1961a) found that partridge pairs 
on limited-visibility terrain or in low-density populations 
(less than 49 pairs per km ) had the smallest spring ranges; 
some pairs stayed within 0.6 acres (0.2 ha) for several weeks. 
Pairs in wide-visibility terrain or in high-density 
populations (greater than 49 pairs per km ) had much larger 
activity ranges, with many pairs using 103 acres (42 ha) or 
more in the spring. Weigand (1977), considering his Montana 
study area to fit a wide-visibility and low-population-density 
category, found that spring ranges of transmitter-marked 
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partridge varied from 4.7 to 13.9 ha, which he stated were 
intermediate in size between ranges reported by Jenkins. Like 
Montana, conditions in north-central Iowa fit the categories 
of wide-visibility terrain and low population density. Two 
birds monitored during the March-April period (438 and 439) 
had ranges of 12.4 ha and 10.9 ha, respectively. These 
estimates are similar to ranges estimated for a comparable 
period by Weigand (1977), and they may also be considered 
intermediate between the limits reported by Jenkins (1961a). 
The highly nomadic Male 441 had a March-April activity range 
of 895.9 ha, a much higher range than that of other members of 
the spring partridge population. This tendency to range 
widely allows for dispersal and possible range extension under 
conditions of high population density, although nomadic 
individuals probably suffer higher rates of mortality (Jenkins 
1961b, Blank and Ash 1962). 
The findings of Jenkins (1961a, 1961b) and Blank and Ash 
(1962) can be used to show that activity ranges of gray 
partridge are affected by habitat quality and structure, with 
population density pressures further affecting partridge 
movements and utilization of habitat. Consequently, popula­
tion densities should be higher and activity ranges lower in 
areas with higher interspersion of habitat types utilized by 
partridge (Blank and Ash 1962). In an area with a high 
interspersion of suitable habitat, partridge should not have 
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to range over as wide an area to meet their needs as they 
would if larger blocks of habitat and less edge were present. 
As a measure of habitat interspersion available to the 
monitored partridge on the Britt study area, I measured the 
kilometers of edge per square-kilometer of all 
quarter-sections (0.65 km ) contacted by the total activity 
range for each partridge. Mean edge (km/km^) was 6.0 (SD = 
1.35) and varied from 4.3 to 7.7. This measure was negatively 
correlated with the logarithm of total activity range for the 
7 partridge monitored over at least 4 time periods (r = -0.75, 
P = 0.05, df = 5). Thus, smaller activity ranges and perhaps 
a larger partridge population could result if there were 
greater interspersion of habitats on the Britt study area. 
However, the correlation does not imply a direct cause and 
effect relationship between the variables and may be 
fortuitous because of the heterogeneous nature of the sample 
of partridge and the presence of other habitat features that 
may be associated with interspersion. For example, Male 438 
with the highest edge value also had the highest amount of hay 
cover available, and the relatively sedentary existence of 
this bird may have been related to his social status — lack 
of a brood and loss of his mate in mid-summer. The large 
activity range of Female 443, which had the smallest edge 
value, may have been more a function of association with a 2nd 
pair of adults in late summer than of response to habitat 
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features. The data are limited from this study, but the 
relationship between interspersion and size of activity 
ranges, expressed logarithmically, supports inferences drawn 
by other investigators (Jenkins 1961a, 1961b, Blank and Ash 
1962). Gray partridge tolerate the habitat conditions 
associated with intensive agriculture in north-central Iowa, 
but the extensive blocks of monoculture probably offer less 
than ideal habitat and may severely limit populations. 
Nesting Studies 
Nest searching 
Nest searching was conducted from mid-June to mid-August 
in 1975, 1976, and 1977; 23 partridge nests and 29 pheasant 
nests were found in the 3 years of study. The proportion of 
available cover searched varied among cover types and years 
(Table 21). Of the 8 cover types that were searched, only in 
roadsides were nests found all 3 years (Table 22). Row-crops 
were not included in the nest-searching sample, but 1 part­
ridge nest, the renesting effort of Female 442, was discovered 
in a corn field in 1977. The nest was located between corn 
rows 2.5 m from the edge of a field road; a few stalks of 
foxtail (Setaria sp.) and a common milkweed plant (Asclepias 
syriaca) were adjacent to the nest. The nest site of Female 
440 located in roadside cover, was also discovered by 
telemetry monitoring. 
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Table 21. Hectares of cover types searched for partridge 
and pheasant nests and percentage of the areas 
available on the Britt study area, 1975-1977 
Hectares searched (percentage of available area) 
Cover type 1975 IS7S 1977 
Roadside 4.5(12) 12.3(32) 10.4(27) 
Fenceline 0.8(11) 0.9(12) 1.0(13) 
Idle 1.2(28) 1.7(39) 0.8(21) 
Tame hay 22.7(41) 15.2(44) 18.4(43) 
Pasture 4.6( 8) 4.5(11) 4.2(10) 
Grass waterway 2.7(36) 2.7(36) 3.5(46) 
Drainage ditch 4.6(21) 4.8(22) 2.9(13) 
Railroad 2.0(18) 2.9(26) 2.7(24) 
Totals 43.1(21) 45.0(22) 43.9(22) 
Nest success 
Nest success (proportion of nests in which at least 1 
egg hatched) ranged from 0.10 to 0.67 over the 3 years. Over 
all years, nest success was 0.26 for partridge and 0.41 for 
pheasants (Table 22). Bishop et al. (1977) found an overall 
nest success rate for partridge of 0.24 for an area 
approximately 15 km east of the Britt study area. Rates of 
Table 22. Distribution of partridge and pheasant nests by cover type and year, 
1975-1977 
Number of nests (successful nests) 
Partridge Pheasant 
Cover type 1975 1976 1977 Total 1975 1976 1977 Total 
Roadside 2(2) 9(1) 5(2) 16(5) 6(2) 6(2) 1(0) 13(4) 
Penceline 1(0) 2(0) 3(0) 
Idle 1(1) 1(1) 1(1) 1(1) 
Tame hay 1(1) 1(0) 2 (1) 
Pasture 1(0) 1(0) 
Grass waterway 1(0) 1(0) 2(2) 3(2) 5(4) 
Drainage ditch 1(0) 3(1) 4(1) 
Railroad 1(0) 3(1) 4(1) 
Corn field 1(0) 1(0) 
Totals 3(2) 10(1) 10(3) 23(6) 10 (5) 11(4) 8(3) 29(12) 
Nest success 
rate 0.67 0.10 0.30 0.26 0.50 0.36 0.38 0.41 
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nest success for the Iowa studies are intermediate between 
the rate of 0.16 found by Gates (1973) in Wisconsin and 0.32 
reported by Yeatter (1934), Yocom (1943), and McCabe and 
Hawkins (1946) for Michigan, Washington and Wisconsin 
respectively. Nest success rates reported for England, 
0.78 by Middleton (1935) and 0.84 by Jenkins (1957), are much 
higher than rates found in the United States. Weigand (1977) 
in Montana, and Hunt (1974) in Saskatchewan, found nest 
success rates of 0.40, but they reported pair-success rates 
of 0.66 and 0.82, respectively, attributing the difference to 
renesting. 
Of the 17 partridge nests that were not successful, 8 
were abandoned and 9 were lost to predators or abandoned 
prior to prédation. Abandonment was attributed to disturbance 
by the nest-searching crew (4 nests), herbicide spraying on 
the nest and incubating female (1 nest), and unknown causes 
(3 nests). Gray partridge will readily abandon their nests 
if they are disturbed during the laying or early incubation 
stage of the nesting cycle (Yeatter 1934, Middleton 1935). 
The nest that was abandoned because of herbicide spraying 
contained 2 pheasant eggs along with 13 partridge eggs. This 
nest, located in fenceline cover, was the only partridge nest 
found during the study that contained pheasant eggs, and none 
of the pheasant nests contained partridge eggs. Parasitism 
of partridge nests by ring-necked pheasants has generally 
occurred at low rates (1 to 8%) where it has been documented 
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(Middleton 1935, Bennett 1936, McCabe and Hawkins 1946). 
However, Errington and Hamerstrom (1938) found that 7 (27%) 
of 26 partridge nests were parasitized by pheasants in Iowa; 
5 out of 11 nests were parasitized in the drought year of 
1934 when cover conditirns were poorest and acceptable nest 
sites were probably in short supply for both partridge and 
pheasants. In the present study, the nest parasitism rate 
was 4% under conditions of relatively low pheasant-population 
density. 
Predators responsible for partridge nest destruction 
included striped skunks (Mephitis mephitis) for 3 nests, 
raccoon (Procyon lotor) for 1 nest, ground squirrel for 1 
nest, domestic dog for 1 nest, and unknown predators for 3 
nests. Gates (1973) and Bishop et al. (1977) noted that nest 
prédation was most severe in strip cover (roadsides and 
fencelines), and that mammalian predators tended to use strip 
cover for travel lanes. Bishop et al. (1977) found that 50% 
of the total nests discovered were lost to prédation, and 79% 
of all nests were found in roadside cover. In the present 
study, 83% of the partridge nests were found in roadside and 
fenceline cover (Table 22), and all nests destroyed by 
predators except the nest in the corn field were in these 
cover types. In studies where most nests were found in hay 
cover, the majority of nest losses were attributed to farming 
operations, especially mowing (Yeatter 1934, Yocom 1943, 
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McCabe and Hawkins 1946). 
Hatchability of successful nests was known only for the 
3 clutches produced by telemetry-marked females. Hatchability 
of these nests varied from 0.61 for Female 440 to 1.00 for. 
Female 435, and the mean hatchability was 0.80 (SD = 0.19). 
This value is much lower than mean hatchabilities reported 
for England (Middleton 1935, Jenkins 1961b), Washington 
(Yocom 1943), and Saskatchewan (Hunt 1974), but within limits 
of mean hatchabilities found in Michigan (Yeatter 1934). and 
Wisconsin (McCabe and Hawkins 1946, Gates 1973), locations 
with summer environments that more closely match north-central 
Iowa. Mean hatchability was calculated from a small sample, 
which included birds from 2 different years, and hatchability 
may vary between years depending on timing of reproduction 
and environmental conditions (Yeatter 1934, Kruger 1961)." 
Clutch size 
Mean clutch size for 9 completed nests was 14.9 eggs 
and ranged from 10 to 19 eggs. The mean clutch size for 2 
nests in 1975 was 18.0 (range = 17-19), for 2 nests in 1976 
was 14.5 (range = 13-16), and for 5 nests in 1977 was 13.8 
(range = 10-19). The overall mean clutch size, 14.9, was 
similar to 14.6 found by Middleton (1935) and 14.9 by Gates 
(1973), but lower than 15.7 reported by Yeatter (1934), 16.7 
by Knott et al. (1943), and 16.7 by McCabe and Hawkins (1946). 
Bishop et al. (1977) found a mean clutch size of 14.2 eggs 
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for 28 completed clutches, slightly smaller than in the 
present study, but the range was the same (10-19 eggs). 
Bishop et al. (1977) noted that 8 nests in their sample may 
have been renests, which would tend to deflate mean clutch 
size estimates since renest clutches are generally smaller 
than clutches in 1st nests (Yeatter 1934, Middleton 1935). 
As with most of the cited studies, I was unable to separate 
renest from 1st-nest clutches that were complete, but 
judging from estimated nest-initiation dates, several of the 
nests probably represented renesting attempts. 
Nest initiation 
Nest initiation dates ranged from 21 May to 12 July 
(mean = & June, N = 3) for 1975, 5 June to 16 July (mean = 
22 June, N = 5) for 1976, and 2 May to 4 June (mean = 22 May, 
N = 3) for 1977. Yeatter (1934) reported that most partridge 
begin laying eggs during the 1st 2 weeks of May. Middleton 
(1935) stated that most nests are initiated in England during 
the 1st week of May. In eastern Washington, Knott et al. 
(1943) found that partridge nest initiation peaked during the 
last week of April to the 1st week of May. In southeastern 
Wisconsin, nest-initiation dates ranged from 2 May to 17 July 
with a mean date of 26 May (Gates 1973) . In north-central 
Montana, nest initiation ranged from 15 April to 26 July over 
5 years, with a peak in the 2nd week of May. Dates for nest 
initiation found in the present study are within limits 
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reported in these other studies, but mean values are later 
than expected for 1st nesting attempts. Consequently, the 
mean clutch size of 14.9 eggs must be considered conservative 
for Ist-clutch nests. The nest of Female 440, known to be a 
1st nest, contained 18 eggs and was initiated on 2 May. Nests 
of Female 434 and Female 435 were thought to be 1st nests; 
nest-initiation dates and clutch sizes were 21 May, 19 eggs, 
and 17 May, 17 eggs, respectively. The nest of Female 442 
initiated on 4 June and containing 10 eggs, may have been a 
renest, so that the nest of this bird later established in 
the corn field may have represented a 3rd nesting attempt. 
Nest distribution by cover type 
The distribution of nests among cover types appeared 
to differ between partridge and pheasants (Table 22). The 
small sample size precludes a valid comparison of distribu­
tions over all cover types by chi-square analysis (Upton 
1978). However, pooling data for all years to form 2 
cover-type classes permitted a valid test using a 2 x 2 
contingency table. The 2 cover-type classes were narrow 
strip cover (roadsides and fencelines) and wide strip and 
block cover (idle cover, tame hayfields, grass waterways, 
drainage ditchbanks, and railroad right-of-ways). The 
distribution of partridge and pheasant nests between these 
cover type classes was found to be different (Y^ = 8.25, 
P < 0.005, df =1); a correction for continuity for chi-square 
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tests with 1 degree of freedom was used in the calculations 
(Steel and Torrie 1960). The single partridge nest found in 
a cornfield was excluded from the analysis because cornfields 
were not actively searched for nests. Pheasant nests were 
nearly evenly distributed between the 2 cover-type classes, 
while most of the partridge nests were found in narrow strip 
cover (Table 23). 
The importance of each cover type to partridge and 
pheasant nesting varied in terms of nest density, nest 
success, and contribution to total production (Table 24). 
The number of partridge nests found per hectare searched was 
highest for fenceline cover, but none of the 3 nests found in 
fenceline cover were successful (Table 24). Pheasant nests 
were not found in fenceline or pasture cover. Only 1 par­
tridge and 1 pheasant nest were found in idle coyer, but both 
these nests were successful. The number of successful 
partridge nests per hectare searched was highest for idle 
cover, but the estimated contribution to total production 
(production index) was highest for roadside cover because of 
the greater amount of this cover type on the study area 
(Table 24). Although an average of 43% of tame hayfield area 
available on the study area was searched, no partridge nests 
were found in this cover type. Of 2 pheasant nests found in 
tame hay fie Ids, 1 successful nest was in a field of smooth 
bromegrass (Bromus inermis) and 1 unsuccessful nest was found 
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Table 23. Distribution of partridge and pheasant nests by 
cover-type class over all years 
Number of nests 
Cover-type class Partridge Pheasant Total 
Narrow strip^ 19 13 32 
Wide strip and block^ 3 16 19 
Total 22 29 51 
^Roadside and fenceline cover. 
^Idle cover, tame hayfields, grass waterways, drainage 
ditchbanks, and railroad right-of-ways. 
in a field of reed canarygrass (Phalaris arundinacea); both 
of these fields were cut after 15 July. In contrast, the 1st 
cutting of alfalfa fields occurred in late May or early June 
each year of study. Since the nest-searching crew did not 
begin until mid-June, early-established nests in alfalfa 
fields may have been missed. However, I walked over alfalfa 
fields searching for nests within 1 day after they were 1st 
cut and windrowed, and I also asked farmers to report 
partridge and pheasant nests that they encountered in the 
course of their farming activities, thus reducing the chance 
the early nests were missed-
Table 24. Partridge and pheasant nest density, nest success, and contribution to 
total production by cover type, 1975-1977 
Partridge Pheasant 
Cover 
type 
Area 
ha^ 
(A) 
Nests/ha 
searched 
(B) 
Nest 
succ. 
(C) 
Succ. 
nests/ha 
(BxC) 
Prod. 
, index 
(AxBxC) 
Nests/ha 
searched 
(B) 
Nest 
succ. 
(C) 
Succ. 
nests/ha 
(BxC) 
Prod, 
index 
(AxBxC) 
Roadside 39.0 0.6 0.31 0.18 7.02 0.5 0.31 0.15 5.85 
Fenceline 7.6 1.1 0.00 0.00 0.00 
Idle 4.2 0.3 1.00 0.30 1.26 0.3 1.00 0.30 1.26 
Tame hay 44.0 0.1 0.50 0.05 2.20 
Pasture 46.9 0.1 0.00 0.00 0.00 
Grass 
waterway 7.6 0.1 0.00 0.00 0.00 0.6 0.80 0.48 3.65 
Drainage 
ditch 21.8 0.3 0.25 0.08 1.74 
Railroad 11.2 0.5 0.25 0.13 1.46 
^Total area available of each cover type on the 20.7 km^ study area. 
159 
Of the cover types where pheasant nests were found, 
density of successful pheasant nests, as well as the 
production index, was lowest for tame hayfields (Table 24). 
Relatively high pheasant nest densities were found in grass 
waterways, drainage ditchbanks, and railroad right-of-ways 
(Table 24). Grass waterways were of greater importance in 
1975, railroad right-of-ways in 1976, and both grass waterways 
and drainage ditchbanks in 1977. Grass waterways appeared to 
be particularly valuable as pheasant nesting cover, although 
no nests were found in them in 1976. Over all years, this 
cover type had relatively high pheasant nest density (total as 
well as successful nests), a high rate of nest success, and a 
high production index (Table 24). Partridge nests were not 
found in drainage ditchbanks or railroad right-of-way cover. 
The single partridge nest in grass-waterway cover was located 
1.4 m from the edge of a field road in a relatively sparse 
stand of smooth bromegrass and Canadian thistle (Cirsium 
arvense). In contrast, all of the pheasant nests found in 
grass waterways as well as drainage ditchbanks were located in 
relatively dense stands of smooth bromegrass. 
Vegetative cover at nest sites 
Yearly mean values of vegetative coverage were generally 
higher for pheasant nests than for partridge nests (Table 25), 
but when comparisons were made between partridge and pheasants 
(for each year and the total) and between years using a 
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Table 25. Mean proportion of vegetation coverage visually 
estimated at partridge and pheasant nest sites by 
year 
1975 1976 . 1977 Total 
Partridge 
Mean 0.70 0.82 0.77 0.78 
SD 0.26 0.13 0.21 0.18 
N" 3 10 9 22 
Pheasant 
Mean 0.82 0.80 0.90 0.83 
SD 0.20 0.14 0.11 0.16 
N 10 11 8 29 
Students' t-test (Steel and Torrie 1960), none of the means 
were significantly different (P > 0-30). Therefore, in terms 
of this measure, partridge and pheasants appeared to choose 
nest sites with similar vegetation coverage even though their 
relative use of the various cover types on the study area 
appeared to differ. 
In 1977, 4 additional variables were measured at 
partridge and pheasant nest sites — species richness (number 
of plant species), density index (visual obstruction 
measurement), light intensity (proportion of unobstructed 
incident light), and litter depth. Partridge and pheasant 
nest sites were compared on the basis of these 4 vegetation 
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measurements using linear discriminant function analysis 
(Morrison 1976). Schematic plots of the data, following the 
methods of Tukey (1977) and using the SPLOT procedure of the 
Statistical Analysis System (Helwig 1977), revealed the need 
to transform some of the variables to achieve greater 
distribution symmetry and homoscedasticity. Consequently, for 
purposes of statistical analysis, a log transformation of 
species richness and logit transformation of light intensity 
were used (Snedecor and Cochran 1967). Again, the single 
partridge nest located in a corn field was excluded from the 
analysis. 
Of the 4 variables included in the analysis, only density 
index was retained in the discriminant function. Mean density 
index was higher for pheasant nest sites than for partridge 
nest sites (Table 26). Mean values of species richness and 
light intensity were also different between partridge and 
pheasant nest sites (Table 26), but these variables were not 
included in the discriminant function because they failed to 
contribute a significant independent portion of variation 
between groups over that accounted for by density index. The 
coefficient of determination (r^) is a measure of the propor­
tion of variation in 1 variable that can be accounted for by 
variation in another variable (Snedecor and Cochran 1967). 
For both density index and light intensity, r^ = 0.53 (Table 
26). These variables were negatively correlated (Table 27), 
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Table 26. Means (SD) and summary of univariate analysis of 
variance coiiç>aring partridge and pheasant nest 
sites for 4 variables in 1977. 
df 
Species 
richness 
(no.) ^ 
Density 
index 
(dm) 
Light 
intensity 
(%)b 
Litter 
depth 
(mm) 
Partridge 
mean 
(SD) 
3.3 
(1.50) 
2.8 
(1.37) 
12.8 
(11.98) 
11.0 
(7.58) 
Pheasant 
mean 
(SD) 
1.6 
(1.41) 
5.5 
(1.28) 
2.3 
(1.49) 
15.2 
(3.88) 
Model MS 1 1.61 30.12 12.25 73.73 
Error MS 15 0.24 1.77 0.73 37.67 
F 6.77 17.05 16.88 1.96 
P 0.020 0.001 0.001 0.182 
r2 0.31 0.53 0.53 0.11 
^Raw means and SD presented but Anova is based on In 
species richness. 
^Raw means and SD presented but Anova is based on logit 
light intensity. 
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Table 27. Matrix of partial correlation coefficients 
(effects due to species of bird held constant) of 
variables measured at partridge and pheasant nest 
sites in 1977 
N  = 1 7  C o r r e l a t i o n  c o e f f i c i e n t  ( r ) / P ( r  =  0 )  
df = 14 
Species 
richness 
Density 
index 
Light 
intensity 
Litter 
depth 
Species 
richness 1.000 
0.000 
Density 
index -0.479 
0.060 
1.000 
0.000 
Light 
intensity 0.304 
0.252 
-0.664 
0.005 
1.000 
0.000 
Litter 
depth 0.144 
0.595 
0.287 
0.281 
-0.155 
0.567 
1.000 
0.000 
and they essentially provided an equivalent measure, an index 
of the volume of vegetative cover at a nest site (Robel et al. 
1970). Although either measure could be used as an index to 
the amount of vegetative cover at a sampling point, the 
density-pole measurement is relatively faster and easier and 
subject to fewer sources of error than the light-intensity 
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measurement. A weak negative correlation was found between 
species richness and density index (Table 27); most of the 
partridge nests were found in mixed grass and forb cover in 
roadsides and fencelines, which was relatively short and of 
low density, while most pheasant nests were found in nearly 
pure stands of grass in grass waterway and drainage ditchbank 
cover, which was relatively tall and dense. Litter depth was 
not correlated with any of the other variables (Table 27), 
and mean litter depth did not differ significantly between 
partridge and pheasant nest sites (Table 26). For all of the 
2 
variables combined, R = 0.59, an increase of only 6% in 
explained variation over that of the density-index measure 
alone. Thus, considering the variables measured, the sample 
of partridge and pheasant nest sites differed primarily in 
the amount of vegetative cover, which was best measured by 
the density index. Pheasant nests tended to be found in 
heavier cover than partridge nests. 
Partridge may tolerate a wide range of nesting-cover 
conditions. Most partridge nests were well concealed even 
when in fairly light cover, but in 1 roadside nest the incu­
bating female could be seen from a distance of 10 m, and the 
nest of Female 442 at the edge of grass-waterway cover could 
be seen from 2 m; this nest was about 4 m from a heavy stand 
of smooth bromegrass. In Saskatchewan, Hunt (1974:22) noted 
that cover around partridge nest sites "ranged from very poor 
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to excellent with no obvious preference evident." Partridge 
have been found to commonly use light to moderate cover in 
apparent preference to heavy cover (Middleton 1935, Hawkins 
1937). In south-central Wisconsin, Gates (1973) found 
differences in nesting-cover use between partridge and 
pheasants; partridge seemed to prefer light, open vegetation 
and avoided heavy stands of unharvested hay, a preferred 
cover type of pheasant. 
Of the 17 nests analyzed, 14 (82%) were classified 
correctly with the discriminant function (Figure 3). 
Correctly classified partridge nests located in fenceline, 
idle cover, and grass-waterway cover had density-index values 
that ranged from 2.0 to 3.5 dm. Partridge nests were found 
in relatively light cover in idle and grass-waterway cover 
even though heavier cover was available nearby in these 
habitats. Correctly classified pheasant nests were located in 
nearly pure stands of smooth bromegrass (in grass-waterway 
and drainage-ditchbank cover) or reed canarygrass (in a tame 
hayfield); density-index values ranged from 4.5 to 7.0 dm. 
Two partridge nests and 1 pheasant nest were misclassi­
fied (Figure 3). All of the misclassified nest sites were 
in roadside cover. In general, cover density was not homo­
geneous within roadsides, and the difference between correctly 
classified and misclassified nests seemed to reflect the 
relative position of nest sites in road ditches. Three 
Figure 3. Discriminant analysis of 9 partridge and 8 
pheasant nest sites found in 1977 plotted by 
Mahalanobis distances (D ) from respective 
multivariate means (centroids) 
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correctly classified partridge nests were located in the 
center portion (bottom) of road ditches in relatively light 
cover with low density-index values (0.5 to 3.0 dm). In 
contrast, the 2 misclassified partridge nests were located 
next to fences on the inside upper slope of the road ditches 
where cover was generally heavier; these nest sites had the 
highest density-index values (4.5 to 5.5 dm) of all of the 
partridge nests. The misclassified pheasant nest, the only 
pheasant nest found in roadside cover in 1977, was located in 
the center portion of a road ditch; it had a density-index 
value of 3.5, the lowest of the pheasant nest sites. 
Nest-site selection in roadsides 
Density index was measured at 100 randomly chosen points 
for each of 3 positions in roadsides on the study area. The 
3 positions were termed Inside (upper slope next to the fence-
line) , Center (bottom of the road ditch), and Outside (upper 
slope next to the road). An analysis of variance (Anova) 
procedure was used to test the null hypothesis that mean den­
sity index did not differ among the 3 roadside positions; the 
sampling design was completely random. The hypothesis was 
rejected (F = 16.61, P < 0.001, df = 2, 297) indicating that 
cover density is not homogeneous throughout the road ditch 
profile. Mean density index was different between roadside 
positions for all paired comparisons (P < 0.05, Duncan's 
multiple range test). Respective density-index means for the 
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Inside, Center, and Outside positions were 2.8 dm (SD = 0.95), 
2.5 dm (SD = 1.13), and 3.3 dm (SD = 1.02). Thus, cover 
density tended to be highest next to the road shoulder, lowest 
in the bottom, and intermediate on the fenceline slope of 
road ditches on the study area. 
Nest-site selection in roadsides by partridge and 
pheasants may be a function of preference for particular 
positions within the road ditch. Over the 3 years of study, 
most partridge nests were found in the center position of 
roadsides and secondarily on the inside next to fencelines, 
but the outside slope and shoulder were avoided (Figure 4). 
In contrast, pheasant nests were found most often near the 
road shoulder or fenceline, and only 2 nests were discovered 
in the bottom of road ditches. The proportion of nests that 
were successful, for both partridge and pheasants, did not 
seem to be associated with the position of nest placement in 
roadsides (Figure 4). Causes of nest-site selection cannot 
be determined from these findings, but partridge can tolerate 
relatively light cover conditions generally found in the 
bottoms of road ditches, and the birds may obtain shelter from 
wind and protection from road traffic by placing their nests 
between the banks of road ditches. Nesting-cover management, 
especially in roadsides, for gray partridge should concentrate 
on providing and maintaining stable and undisturbed conditions, 
but the vegetation need not be of high density. 
Figure 4. Distribution of partridge and pheasant nest 
sites in roadsides on the Britt study area, 
1975-1977 
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Comparisons of cover types 
Six cover types were compared with respect to the 4 
vegetation measurements. Measurements were not taken in 
hayfields because most hayfields had been mowed at least 
once before random sampling in the cover types began. The 
hypothesis that the cover types did not differ in terms of 
the 4 variables was rejected for each of the variables 
(Table 28). Consistent with the nest-site results, density 
index was negatively correlated with light intensity (Table 
29). These variables provided similar index-measures of 
vegetative cover, but the density index was of primary 
interest in comparing cover types because this variable was 
used to separate partridge and pheasant nest sites in the 
discriminant function analysis. Cover types that pheasants 
used heavily for nesting in 1977 (drainage ditchbanks and 
grass waterways) had higher mean-density indexes than primary 
nesting cover used by partridge (roadsides) (Table 30). 
Density index was also negatively correlated with species 
richness (Table 29). Sites with high density-index values 
tend to have few plant species present, such as near-pure 
stands of smooth bromegrass or reed canarygrass. Sites with 
low density-index values tend to be composed of mixed grass 
and forb cover. 
Mean litter depth differed among the 6 cover types 
(Table 28). However, mean litter depth did not differ 
Table 28. Means (SD) and summary of univariate analysis of variance comparing 
cover types for 4 variables in 1977 
Means 
Roadside 
Penceline 
Idle 
Grass waterway 
Drainage ditch 
Railroad 
Model MS 
Error MS 
F 
p 
Species Density Light . Litter 
df richness (no. ) index (dm) intensity (%) depth (nun) 
3.1(1.44) 
3.1(1.87) 
2.2(1.33) 
2.4(1.23) 
1.6(0.75) 
4.4(1.64) 
5 1.99 
414 0.18 
11.25 
0.0001 
2.9(1.09) 
3.3(1.01) 
3.8(0.97) 
3.4(0.53) 
4.1(0.82) 
2.9(1.00) 
9.66 
1.09 
8.89 
0.0001 
13.5(14.15) 
5.9( 5.08) 
11.1(15.12) 
3.2 ( 2.21) 
3.4( 2.30) 
14.1( 9.88) 
16.95 
1.12 
15.12 
0.0001 
16.0(6.70) 
12.8(6.87) 
18.0(4.86) 
11.4(4.76) 
14.8(2.23) 
14.0(2.57) 
179.33 
39.50 
4.54 
0.0005 
^Raw means and SD presented but Anova is based on In species richness. 
^Raw means and SD presented but Anova is based on logit light intensity. 
174 
Table 29. Matrix of partial correlation coefficients 
(effects dxie to cover type held constant) of 
variables measured at sampling points in 6 cover 
types 
N = 420 
df = 414 
Correlation coefficient(r)/P(r = 0) 
Species 
richness 
Density 
index 
Light 
intensity 
Litter 
depth 
Species 
richness 1.000 
0 . 0 0 0  
Density 
index •0.424 
0.001 
1.000 
0 .000  
Light 
intensity 0.230 
0.001 
•0.608 
0.001 
1.000 
0 . 0 0 0  
Litter 
depth -0.233 
0.001 
0.172 
0.001 
0 .026  
0 .600  
1.000 
0 . 0 0 0  
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Table 30. Mean density index compared between cover types 
with Duncan's multiple range test. Means with the 
same letter are not significantly different 
(P > 0.05) 
Cover type 
Mean 
density index (dm) Grouping 
Drainage ditch 4.1 A 
Idle 3.8 A B 
Grass waterway 3.4 B 
Fenceline 3.3 B 
Roadside 2.9 C 
Railroad 2.9 C 
significantly between partridge and pheasant nest sites 
(Table 26), and this variable was judged to be relatively 
unimportant with respect to nesting-cover selection by the 
2 species. 
The results of the analysis of cover types and the 
discriminant function analysis of nest sites lend support to 
the earlier suggestion that partridge and pheasants used 
nesting cover that differed primarily in the density of 
vegetation around the nest site, and that this partitioning 
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occurred through selection of different cover types for 
nesting as well as selection of sites within cover types that 
had different amounts of vegetative cover present, at least 
in 1977. 
Population Studies 
Winter counts 
Prebreeding-population estimates were obtained by direct 
counts of partridge coveys on the study area in the course of 
winter trapping operations. In 1975, 14 coveys with a total 
2 
of 120 partridge were found on the 20.7 km study area. 
Accordingly, the winter population-density estimate was 0.7 
2 2 
coveys per km and 5.8 birds per km . Covey sizes ranged from 
4 to 13 birds and averaged 8.6 birds per covey. All coveys 
known to use any part of the study area were included in the 
count. In calculating density, the assumption was made that 
coveys occasionally using the study area that were not seen 
compensated for observed coveys that spent some of their time 
outside the study-area boundary. 
Only 1 covey of 20 partridge was observed before covey 
break-up in 1976. Lack of covey sightings was attributed to 
the absence of snow cover throughout the winter of 1976. 
Bishop et al. (1977:19) noted that during a winter without 
snow cover partridge coveys spent less time near gravel roads, 
were less visible in fields, and would not flush unless 
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closely approached. Winter counts of pheasants are known to 
depend upon the presence of snow cover (Farris et al- 1977). 
In 1977, 26 observations of partridge coveys were 
recorded. Based on these observations, an estimate of 13 
coveys with a total of 117 birds occupied the primary study 
area. Accordingly, a winter population density of 0-6 coveys 
per km^ and 5.6 birds per km^ was estimated. Covey sizes 
ranged from 6 to 18 birds and averaged 9.0 birds per covey. 
Thus, population density on the study area was essentially the 
same in 1975 and 1977. 
Bishop et al. (1977) found a winter population density of 
1 bird per 9.4 ha (10.6 birds per km^) in 1967 in Iowa, but 
they observed a general decline in the winter estimates from 
1967 to 1970. The 1970 winter density was 5-4 birds per km^ 
(calculated from Table 5 of Bishop et al- 1977:18), similar 
to the densities found in the present study- Winter densities 
on another study area in Iowa in the late 1930s ranged from 
4.7 to 18.3 birds per mi^ (1.8 to 7-1 birds per km^) (Green 
and Hendrickson 1938). The density estimates for Iowa are 
much lower than densities reported for England (Blank and Ash 
1956), and somewhat lower than reported for Saskatchewan 
(Hunt 1974), but similar to density estimates reported for 
Wisconsin in the 1970s (Dumke 1977), New York in the late 
1950s (Murtha 1967), eastern Washington in the early 1950s 
(Swanson and Yocom 1958), and north-central Montana in the 
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early 1970s (Weigand 1977). Compared to the potential 
densities that can be attained by gray partridge, populations 
in north-central Iowa must be considered sparse, but the Iowa 
densities are comparable to other areas in the United States 
that have populations of partridge. 
Spring-to-fall production and survival 
Spring and late-summer roadside surveys were conducted 
each year to obtain data for calculating seasonal and annual 
"population-change indexes. The number of partridge seen per 
100 km of driving in the spring increased from 1975 to 1977 
(Table 31). The number of birds seen per 100 km in late 
summer increased from 1975 to 1976 and decreased from 1976 to 
1977. These changes between years were associated with 
relatively high spring-to-fall gains in 1975 and 1976 and 
nearly equal fall-to-spring survival from 1975 to 1976 and 
1976 to 1977. Although a correlation analysis was not made 
because there are only 3 years of data, pair success appeared 
to be more closely associated with spring-to-fall gain than 
did mean brood size (Table 31). These findings contrast with 
those of Gates (1973) who found that mean brood size was 
significantly correlated with spring-to-fall gain over 7 years 
of study in Wisconsin, while pair success was not correlated. 
The trend in pair-success index was consistent with the 
observed proportion of adults seen in the August survey that 
had broods. This proportion was 0.47 for 1975, 0.60 for 1976, 
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Table 31. Summary of roadside counts of gray partridge on 
the Britt study area (62.1 km^), 1975-1977 
1975 1976 1977 
Spring (15 April-15 May) 
Number of singles 
Number of pairs 
Total birds 
Km of roads driven 
Total birds/100 km 
Fall (1-31 August) 
Number of singles 
Number of pairs 
Number of adult groups 
Number of broods 
Total birds 
Km of roads driven 
Broods/100 km 
Total birds/100 km 
Mean brood size^ 
SD 
N 
^Mean brood size calcul 
greater than 6 weeks of age. 
2 0 1 
9 10 11 
20 20 23 
372 338 304 
5.4 5.9 7.6 
4 3 4 
6 6 7 
1 1 1  
9 14 5 
133 148 66 
992 912 760 
0.9 1.5 0.7 
13.4 16.2 8.7 
10.1 6.1 5.8 
3.5 3.1 2.9 
13 11 12 
from all sightings of young 
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Table 31. (Continued) 
1975 1976 1977 
Indexes 
Pair success^ 0.17 0.26 0.09 
Spring-to-fall gain^ 2.49 2.74 1.15 
Fall-to-spring survival^ - 0.44 0.47 
^Index obtained by dividing the number of broods/100 km 
(fall) by the total birds/100 km (spring). 
^Index obtained by dividing the total birds/100 km (fall) 
by the total birds/100 km (spring). 
"^Index obtained by dividing the total birds/100 km 
(spring) by the total birds/100 km (preceding fall). 
and 0.31 for 1977. Over a 5-year period in Montana, an aver­
age of 60% of the adults seen in August had broods (Weigand 
1977). In the 3 years of study in Iowa, 48% of the adults 
were seen with broods during the August surveys. 
Effects of weather on production 
Mean monthly temperature from May to August and total 
monthly precipitation averaged over 30 years (1941-1970) from 
data taken at Britt, Iowa (U.S. Environmental Data Service 
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1975, Table 1) tend to be higher than the European optimum for 
gray partridge (Figure 5, Twomey 1936:124). Temperature and 
precipitation also tend to be higher in Britt than in both 
good and mediocre partridge range in Wisconsin as classified 
by Dumke (1977). In 1975, following an unusually cold and wet 
April, May and June were warm and relatively wet, while July 
was very dry (Table 32). In 1976, May, June, and July were 
warm and relatively dry. In 1977, May, June, and July were 
hot and dry. Mean brood size was higher in 1975 than in 1976 
and 1977 (P < 0.05), but 1976 was not significantly different 
from 1977 (P > 0.05, Kruskal-Wallis multiple comparisons test. 
Gibbons 1976). Although brood sizes were higher in 1975, a 
lower proportion of adults produced broods, so that pair 
success and spring-to-fall gain were less than in 1976 (Table 
31). Smaller brood sizes in 1976 were compensated for by 
greater pair success resulting in a higher spring-to-fall 
gain. Overall production was very low in 1977 in terms of 
both the proportion of adults producing broods and the number 
of young per brood. 
Gates (1973) stated that mean brood size of young at 
least half-grown was a measure of juvenile survival, and he 
found that this measure was associated with July weather; 
smaller broods were associated with above-normal rainfall and 
(or) below-normal temperatures. His results support the 
contention that cool, wet weather is a major cause of chick 
Figure 5. Climograph comparing average monthly 
temperature and precipitation profiles between 
Britt, Iowa (1941-1970, U.S. Environmental 
Data Service 1975) and gray partridge range in 
Europe (Twomey 1936:124). Numbers next to 
points refer to months 
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Table 32. Mean monthly temperature and total monthly precipitation recorded at 
Britt, Iowa, 1975-1977 (U.S. Environmental Data Service 1975, 1976, 
1977) 
Month 
Mean temperature (C) Total precipitation (cm) 
1975 1976 1977 1975 1976 1977 
January — 8.8 -7.2 -15.2 11.58 0.61 1.42 
February -7.7 0.1 - 3.2 2.54 1.96 1.22 
March -4.2 1.4 5.3 3.94 9.70 6.02 
April 4.8 11.4 13.7 16.48 6.20 7.90 
May 17.6 15.4 21.2 11.33 8.08 4.17 
June 20. 8 21.7 23.1 13.69 9.14 7.47 
July 23.7 23.8 25.1 1.29 8.18 7.95 
August 22. 8 22.3 20.2 9.30 1.40 13.49 
September 15.2 17.2 18.0 3.17 3.45 8.48 
October 12.9 7.9 9.2 0.46 3.38 7.19 
November 4.1 -0.7 1.1 12.29 0.00 4.85 
December -4.4 -8.7 8.8 2.08 1.37 2.01 
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mortality and exerts a strong influence on reproductive 
success and yearly population fluctuations (Middleton 1935/ 
Dale 1942, Jenkins 1961b). However, hot weather during the 
nesting season has also been implicated as a cause of poor 
reproduction in partridge (Yeatter 1934, Dale 1943). When 
compared with climatic conditions of prime partridge range in 
central Europe, midwestern and Great Lakes states seem to 
have higher than optimum temperature and (or) precipitation 
for partridge during the nesting season (Twomey 1936, McCabe 
and Hawkins 1946, Farris 1966). High spring and summer 
temperatures could adversely affect partridge during the pre-
hatching phase of the nesting cycle through depression of 
egg production, reduced fertility, and (or) reduced hatchabil-
ity (Kendeigh 1942, Sturkie 1965). Yeatter (1934:33) observed 
low hatchability (68%) of late nests due to "egg spoilage" 
before incubation began during a period of hot, dry weather 
in Michigan. Errington and Hamerstrom (1938) observed low 
nest success, delayed nesting, and low brood sizes associated 
with a hot, dry spring in Iowa in 1934. Gates (1973) conclud­
ed that annual fluctuations in partridge population density on 
his study area resulted from the effects of summer weather 
on brood survival, but that the principal long-term depressant 
of population size was low pair success, which resulted from 
low nest success (16%) and low renesting effort. Yocom (1943), 
believed that the frequency of renesting was low in partridge 
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relative to the number of unsuccessful first-nesting attempts. 
Although many factors can influence production, spring and 
summer weather may affect reproductive success of partridge, 
especially in regions where the climate differs appreciably 
from that of their native range. 
Renesting 
Differences in mean brood size could have resulted from 
annual variation in clutch size or in juvenile survival. 
Clutch size of complete clutches was determined for only 2 
nests in 1975 and in 1976 and for 5 nests in 1977, sample 
sizes too small for valid estimates of population means. 
However, the mean clutch sizes for the 3 years, 18.0, 14.5, 
and 13.8, respectively, are consistent with the trend in 
mean brood sizes of broods with young greater than 6 weeks of 
age (Table 31). Gates (1973) believed that variation in mean 
brood size of broods greater than 6 weeks of age was more a 
function of variation in juvenile survival than of mean 
clutch size. He also felt that renesting effort was low in 
the Wisconsin partridge population that he studied. However, 
variation in renesting effort or perhaps in the average time 
of nest initiation could affect clutch sizes and ultimately 
brood sizes because clutch size tends to be lower in late 
season or renest clutches (Yeatter 1934, McCabe and Hawkins 
1946). There is indirect evidence that renesting occurs in 
the Britt study area partridge population, but the renesting 
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effort may vary between years. A higher proportion of adults 
seen with broods in August (0.48) than the proportion of 
successful nests found (0.26) may result from renesting, 
assuming equal probability of seeing all classes of birds. 
Renesting is also indicated by the relatively late 
nest-initiation dates estimated from the nest-searching 
samples; this was especially evident for 1976. Examination 
of the hatching distribution by week in June and July 
indicates a lack of synchrony in the time of the hatch. Thus, 
either synchrony was lacking in initiation of 1st nests or 
renesting occurred (Figure 6). 
Late nesting or renesting was evident in 1976 (Figure 
6). In 1976, mean nest-initiation date was 22 June, the 
latest date of the 3 years of study. The highest proportion 
of adults seen with broods in August (0.60) and the lowest 
rate of nest success (0.10) occurred in 1976. Overall pair 
success and spring-to-fall gain was highest even though mean 
brood size was relatively low (Table 31). The mean brood size, 
pair success, and spring-to-fall gain was lowest of the 3 
years in 1977. Renesting effort may have been low in 1977, 
perhaps because of the relatively high temperatures during 
June and July in 1977 (Table 32). Birds may not nest if 
temperatures are high (Kendeigh 1942, Kruger 1961, Sturkie 
1965). Kruger (1961) found that penned gray partridge would 
not begin incubation if the temperature at the nest was 
Figure 6. Chronology of hatching in gray partridge on the Britt study area, 
1975-1977, calculated by backdating from the estimated age of broods 
when sighted to the nearest week 
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greater than 25 C ,  which was the average temperature for July 
1977 at Britt. 
Brood survival 
Crude rates of brood survival were estimated from 
differences in brood size at various ages (Table 33). The 
rates are considered crude because survival rates based solely 
on changes in brood size do not account for merged broods or 
loss of complete broods. Survival rates from the age of 1-2 
weeks to greater than 6 weeks were 0.70 for 1975, 0.79 for 
1976, and 0.74 for 1977. The rates do not account for mor­
tality of chicks that occurred soon after hatching, but I 
did not have sufficient data on clutch size each year to 
estimate the numbers of chicks alive at hatching. Combining 
the data for the 3 years of study results in a mean brood size 
of 7.4 young for broods greater than 6 weeks of age. With an 
overall mean clutch size of 14.9 eggs and assuming a mean 
hatchability of 80%, the overall mean brood size at hatching 
would be 11.9 young. Accordingly, mean survival rate of 
young from hatching to greater than 6 weeks of age is 0.62 
for the Britt study area. Weigand (1977), using a mean 
hatchability of 93%, calculated a juvenile survival rate from 
hatching through August of 0.54. Gates (1973) found a mean 
clutch size of 12.5 eggs and average of 8.3 young greater than 
6 weeks of age for an estimated survival rate of 0.66. 
Middleton (1935) reported a mean chick survival rate from 
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Table 33. Mean brood size in relation to estimated age of 
broods when sighted, 1975-1977 
Brood age in weeks 
1-2 3-4 5-6 > 6 
1975 
N 3 4 8 13 
Mean 15.3 11.0 14.9 10.1 
SD 3.1 2.5 2.5 3.5 
1976 
N 6 7 6 11 
Mean 8.2 7.7 7.3 6.1 
SD 2.3 4.2 2.3 3.1 
1977 
N 2 1 5 12 
Mean 8.5 9.0 8.4 5.8 
SD 2.1 - 2.2 2.9 
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hatching-to-fall of 0.48. 
Survivorship was compared among 3 partridge broods 
monitored by telemetry. The number of young birds in each 
brood was determined whenever a complete count could be 
obtained. Early post-hatching losses were relatively low in 
each of the 3 broods. From 5 to 7 weeks of age, no more than 
2 chicks were lost from each brood (Table 34). These 1st few 
weeks of life are considered critical for survival of young 
partridge since it is during this period that chicks are most 
vulnerable to adverse weather, and they are highly dependent 
upon a readily obtainable supply of arthropods to meet 
nutrient requirements for growth (Blank and Ash 1962, Potts 
1971). These contingencies were apparently met by the 3 
partridge broods during their 1st few weeks of life. Losses 
continued at a seemingly constant rate for Broods 434 and 440 
through the fall and winter, but rate of loss seemed to 
accelerate for Brood 435 during the fall after the chicks 
were about 15 weeks of age. 
Rates of survival among the 3 broods were compared by 
using linear regression analysis (Steel and Torrie 1960)• 
The slope of the linear regression of log number of young 
partridge and age in weeks provides an estimate of the 
instantaneous death rate, which represents deaths per 
individual per week (Caughley 1977). Finite rates of survival 
or mortality can then be calculated from the instantaneous 
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Table 34. Changes in number of young partridge by week for 
3 broods monitored by telemetry. Number of young 
partridge observed 1 day after hatching is shown 
in week 1 
Week 
Brood 1 2 3 5 7 9 15 17 21 22 38 
434 15 13 12 11 
435 17 16 8 5 
440 11 10 9 8.7 5 
rates. For all 3 broods, the reduction in sums of squares 
attributable to regression was highly significant (F < 0.001), 
and the proportion of variation in log brood size attributable 
p 
to variation in age was equal to or greater than r = 0.87 
(Table 35). The slopes of the regressions for Broods 434 and 
440 were not significantly different (P > 0.400), but both of 
these broods had different slopes than Brood 435 (P < 0.001); 
the rate of loss of young birds in Brood 435 was greater 
(Table 35). Expressed as a finite rate of mortality over the 
summer-to-winter period, brood size was reduced at an average 
of 5.1 to 6.6% per month in Broods 434 and 440, while Brood 
435 lost birds at a rate of 21.3% per month (Table 35). I 
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Table 35. Results of regressing log number of young and 
age in weeks for 3 partridge broods monitored by 
telemetry. Slope of the linear regression 
represents the instantaneous rate of death per 
individual per week 
Brood N Intercept Slope 
Finite 
death rate 
per month 
434 
435 
440 
9 
6 
11 
2.696 
2.984 
2.317 
-0.013 
- 0 . 0 6 0  
-0.017 
0 . 8 8  
0.97 
0.87 
0.051 
0.213 
0 . 0 6 6  
did not directly observe mortality in any of these broods, and 
causes for the different rates of loss remain unknown. Finite 
rates of survival from hatching to 8 weeks of age were 0.90 
for Brood 434, 0.62 for Brood 435, and 0.87 for Brood 440. 
Thus, compared to the survival rate estimate for broods 
sighted at different ages, the survival rate of Brood 435 was 
the same and survival rates of Broods 434 and 440 were higher. 
Mortality factors 
There was little direct documentation of mortality during 
the study. Of 7 transmitter-marked partridge that were 
195 
monitored until the bird or its transmitter were recovered, 1 
died in the spring, 2 in the summer, 2 in the fall, and 2 in 
the winter. The probable cause of death was determined for 
only 2 of these birds. Female 434 suffered a broken neck 
from flying into an electric-wire fence. Yeatter (1934) 
reported that flight accidents of this type are common in 
gray partridge. Fox scats were found near the remains of 
Female 437, and this bird was presumably killed by a fox. Two 
adult female partridge were turned in by farmers in late 
winter; they reported that 1 bird had been killed by a large 
raptor and the other by a domestic dog. 
Death caused by collision with automobiles on gravel 
roads was the only mortality repeatedly observed during the 
study. All of the observed mortality due to automobile 
collisions occurred in early August each year. There were 2 
chicks found together in 1975, 1 chick and a group of 10 
chicks in 1976, and 1 adult male and a group of 7 chicks with 
1 adult male in 1977. All of the chicks were 6 to 7 weeks of 
age when killed. Automobile traffic may represent a major 
hazard to gray partridge in north-central Iowa, especially for 
family groups in the summer. Bishop et al. (1977) noted 2 
instances of adult females being killed by automobiles during 
the nesting season. Spiker (1929) stated that partridge are 
frequently killed by automobiles. Assessing the importance of 
this mortality factor is difficult because it is probably the 
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most easily observed of any of the possible causes of 
mortality. 
Only 18 hunting parties and a total of 31 hunters were 
encountered on weekend trips to the study area over all 3 
years of study; there were 6 parties in 1975, .2 in 1976, and 
10 in 1977. One party of 2 hunters had bagged 1 ring-necked 
pheasant and 3 gray partridge; all of these birds had been 
shot on or near a railroad right-of-way. All hunters inter­
viewed stated that they were primarily hunting pheasants, but 
they would shoot partridge if any were flushed. The 1 party 
was the only group that had met with any success. Clearly, 
hunting pressure and harvest of partridge were very light on 
the study area. Bishop et al. (1977) concluded from their 
north-central Iowa study that partridge populations are not 
influenced by hunting, and that increased hunting pressure 
could be tolerated. 
No dominant cause of mortality, with the possible excep­
tion of automobile traffic, was identified in the present 
study. I could not identify a particularly critical time 
period when population reduction occurred. However, infor­
mation on fall and winter population change was generally 
lacking in this study. This is a period that is usually not 
considered critical to partridge populations (McCabe and 
Hawkins 1946, Blank and Ash 1962, Gates 1973). However, 
population reduction through dispersal from fall to winter 
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was reported to be significant in Saskatchewan (Hunt 1974), 
and in England for high populations (Jenkins 1961b). 
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CONCLUSIONS AND IMPLICATIONS 
Spring-to-fall gain of the partridge population on the 
Britt study area varied with an index to pair success over 
the 3 years of study. Brood survival did not seem inordinate­
ly low in this population. Prebreeding population densities 
appeared to be stable over the 3 years of study, although no 
estimate was obtained for 1976. Partridge densities on the 
Britt study area were similar to the density estimate found 
ill another north-central Iowa study in 1970 (Bishop et al = 
1977), and generally representative of densities found in 
other areas of the United States that have partridge 
populations. Compared to densities reported for England and 
parts of Canada, gray partridge populations in north-central 
Iowa must be considered sparse. 
Activity-range sizes and maximum linear distance between 
locations are within limits reported for other studies. A 
significant period of dispersal was not identified in this 
study, although samples were low, particularly from winter to 
summer. Expansion of range size from late summer to fall was 
probably associated with postnesting season increases in 
exploration among adults and chicks. Activity ranges of gray 
partridge may be highly variable, as shown by Jenkins (1961a), 
depending upon population density and habitat structure. If 
partridge population density increased in the wide-visibility 
terrain characteristic of northern Iowa, then activity ranges 
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would be expected to increase, and a concomitant increase in 
fall or winter-to-spring dispersal would also be expected. 
Extensive movements in the spring by a single unmated male 
attest to the dispersal abilities of gray partridge. Changes 
in habitat structure toward smaller fields, greater edge, and 
greater interspersion of cover types would likely result in 
smaller activity ranges and greater population densities. A 
tendency to smaller activity ranges in areas with greater 
interspersion of cover types was demonstrated in this study. 
The importance of strip cover to partridge at all 
seasons was well documented in this study. Narrow strip 
cover, such as roadsides and fencelines, was preferred over 
the wider drainage ditchbanks, grass waterways, and railroad 
right-of-ways. Partridge nests were located in relatively 
light mixed grass and forb cover in roadsides and fencelines. 
In contrast, pheasants tended to nest in dense stands of 
smooth bromegrass or reed canarygrass in wide strip cover as 
well as roadsides. Since partridge spent much of their time 
at the periphery of fields, they were often in close associa­
tion with strip cover, especially roadsides and fencelines. 
Also, food in the form of weedy plants and arthropods may be 
more abundant near the edges than in the more central 
portions of fields. Strip cover is in short supply in terms 
of available area, but it is an important component of 
partridge habitat in regions where land use is dominated by 
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high intensity row-crop agricuture. 
Hay cover was little utilized except by 2 birds that had 
a relatively high area of alfalfa and mixed grass-legume hay-
fields available to them. Hayfields were particularly 
important to these birds in the spring. Residual vegetation 
was nearly absent on the study area, and alfalfa provided 
some of the earliest cover available in the spring. Partridge 
nests were not found in hayfields. Weigand (1977:339) 
compared his Montana data with several other studies and 
suggested that partridge prefer grass-dominated, prairie-type 
habitats over forb-dominated cover, such as alfalfa. He also 
reported that idle areas were a critical component of 
partridge habitat in all seasons. In north-central Iowa, hay­
fields, small grains, pasture, and idle areas are in very 
short supply. These cover types have been reduced with the 
expansion of row-crop cultivation, especially soybean pro­
duction (Mohlis 1974). Associated with this change in land 
use has been a drastic decline in pheasant densities in 
northern Iowa, while gray partridge have increased (Parris 
and Schwartz 1974, Farris et al. 1977). With reduced 
availability of small grain and forage crops, soybean fields 
may provide some of the food and (or) cover needs of par­
tridge, especially for young birds during their 1st few weeks 
of life. A correlation analysis between proportional use and 
availability of soybeans and hay provided evidence that hay 
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cover is preferred by partridge in late summer, but soybeans, 
because of their overwhelming abundance, receive a higher 
frequency of use. 
Although annual variation in the breeding success of 
partridge is likely related to weather conditions, the 
primary factor affecting pair success on a long-term basis in 
north-central Iowa is the scarcity of stable and protected 
nesting cover. Dense cover is not required and roadsides 
seem to be preferred, but many of the roadsides on the study 
area were grazed, mowed, burned, or used as motorized traffic 
lanes. Management efforts to benefit this game bird should 
be directed at establishing and maintaining suitable nesting 
cover. In the intensively farmed region of northern Iowa, 
these efforts must be concentrated on the protection of road­
side cover, which is the only suitable cover likely available 
for management on a broad scale. Roadside vegetation should 
be left undisturbed at least until most of the partridge nests 
have had time to hatch. Nesting chronology data from this 
study indicate that roadside mowing in north-central Iowa 
should be delayed until after the 2nd week in July to ensure 
that peak periods of hatching have passed. Roadside shoulders 
should be mowed with the sickle bar parallel to the road bed 
to reduce disturbance or injury to nesting hens (Farris et al. 
(1977); in the present study, partridge nests were not found 
in cover near the shoulder of roads. Burning residual cover 
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in roadsides in late fall or spring reduces the supply of 
early nesting cover, and this practice, along with the 
grazing of roadsides, should be eliminated. Landowners 
should be encouraged to use methods of weed control such as 
spot spraying or establishment of grass-legume or native grass 
roadside vegetation as alternatives to routine and widespread 
spraying of broad-leaf herbicides. Joselyn and Tate (1972) 
demonstrated that pheasant nesting success in roadsides 
could be substantially increased in Illinois by seeding road­
sides with a mixture of bromegrass (Bromus spp.) and alfalfa. 
Such a program might increase productivity of gray partridge 
populations, but likely prove too costly to be justified on a 
broad scale. The benefits of cover management in roadsides 
may be reduced because prédation losses are likely to be high 
in areas where nesting is restricted to narrow cover types 
such as roadsides and fencelines. 
Management of gray partridge habitat in Iowa is almost 
exclusively restricted to management on private land and will 
require the cooperation and support of landowners. In addi­
tion, expenditures of hunters' funds on gray partridge 
management are justified only if there is a demand for par­
tridge hunting and if hunters have access to private lands. 
On the Britt study area, 60 to 70% of the land was posted 
against hunting, and approximately 30% was completely closed 
to hunting each year. Hunting pressure was considered light 
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in the area. Management of gray partridge to provide hunt­
ing recreation for Iowa sportsmen necessitates cooperation 
between the Iowa Conservation Commission, private landowners, 
and sportsmen. Increased public awareness of gray partridge 
needs and values and public education to promote management 
programs and landowner-sportsmen relations are necessary 
prerequisites to any management effort. 
204 
SUMMARY 
Gray partridge movements, habitat use, and nesting were 
studied from 1975 to 1977 in north-central Iowa, a region of 
intensive row-crop agriculture. Winter trapping resulted in 
the capture of 33 partridge in 1975, 0 in 1976, and 5 in 1977. 
The distribution of captures in 1975 was not independent of 
the number of days following major snowstorms (P < 0.005), 
and low trapping success in 1976 and 1977 was attributed to 
the near absence of snow cover during those years. Covey 
break-up and pair formation occurred between the last week in 
January and the 1st week in March. The adult sex ratio of 
the trapped sample did not significantly differ from 50:50 
(P > 0.05). Age ratios were 2.0 immatures per adult and 7.3 
immatures per adult female. Differences in mean weights among 
sex and age classes of the trapped sample were not significant 
(P > 0.05). Weights of 5 female partridge captured on their 
nests were negatively correlated with day of incubation 
(P < 0.05). Of 31 partridge marked with necktags, only 8 were 
sighted after they were released. 
Use of 4 habitat classes by 9 birds monitored by radio 
telemetry was compared with habitat availability over 4 
seasonal periods. When pooled over all birds, the distribué 
tion of observed frequencies over the 4 habitat classes 
differed from expected distributions for all of the 4 periods 
(P < 0.001). Within the hay habitat class, 79% of the 
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observations were in hayfield cover, more than double the 
percentage available, while oats, pasture, and idle cover 
received a lower proportional use than the area available. 
Utilization of hay was higher than expected during March-May 
and lower than expected during May-July. During 
September-March; plowed corn and corn stubble were used at a 
higher frequency than expected and soybean fields at a lower 
than expected frequency. Of the cornfields available during 
the winter, an average of 14% was corn stubble, while an 
average of 47% of the telemetry observations in cornfields 
was in corn stubble. Both cultivated corn and soybeans were 
used at a relatively low frequency during March-May. Corn 
continued to be used at lower than expected frequencies 
during May-July and July-September; whereas, soybeans were 
used at a higher than expected frequency during July-September. 
Among 8 birds monitored in the July-September period, the 
proportional use of hay cover was positively correlated with 
the proportional availability of hay cover (P < 0.05), while 
the proportional use of soybeans was negatively correlated 
with the proportional availability of hay cover (P < 0.01). 
Thus, soybeans, because of their overwhelming abundance, 
received a higher frequency of use than hay cover, which is 
not abundant, but may be a preferred cover type in late summer. 
Partridge utilized the periphery of fields at a relatively 
high frequency, while use of the central portion was less 
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than expected. Within the strip-cover habitat class, 78% of 
the observations were in roadside cover. The proportion of 
the strip cover observations in roadside and fenceline cover 
exceeded the proportional area available, while field roads, 
terraces, drainage ditchbanks, grass waterways, and railroad 
right-of-ways were utilized less frequently than expected 
(P < 0.001). Strip cover was selected throughout the year, 
as evidenced by consistently higher than expected frequency 
of use by the sample of partridge in all periods. 
The marked partridge were active more often in the 
morning and evening than from late morning through the after­
noon in the March-May and May-July periods (P < 0.01). 
Although row-crops were used at a high frequency throughout 
the day, there appeared to be a general movement of partridge 
from corn to hay cover (and, to some extent, soybeans) in the 
evening during periods when vegetation covered crop fields. 
Average overall activity range for 6 mated birds that 
were monitored over 4 or more months was 1.93 km^ (range = 
0.84 to 3.66 km ). Paired partridge occupied relatively 
restricted ranges from the prenesting through the nesting 
period, but activity ranges increased in late summer, 
probably as a result of increased exploration by.partridge as 
nesting activities came to a close and chicks acquired 
increased mobility. An unmated male, with an overall activ-
ity range of 13.08 km , followed a different pattern of range 
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size distribution with extensive wandering in the spring and 
a large activity range followed by a general reduction in 
range size through the summer. A measure of habitat edge was 
negatively correlated with the logarithm of total activity 
range for 7 partridge monitored over at least 4 months 
(P = 0.05). Thus, birds occupying habitat with relatively 
high interspers ion of cover types tended to have smaller 
overall activity ranges. 
Over all years, 23 partridge nests and 29 ring-necked 
pheasant nests were found. Mean nest initiation dates for 
the 3 years of study ranged from 22 May to 22 June. Rates of 
nest success were 0.26 for partridge and 0.41 for pheasants. 
Of the 17 partridge nests that were not successful, 8 were 
abandoned and 9 were lost to predators or abandoned prior to 
prédation. Mean clutch size for 9 completed partridge nests 
was 14.9 eggs. Mean hatchability of 3 clutches was 0.80. In 
contrast to pheasants, partridge made little use of drainage 
ditchbank, railroad right-of-way, or grass waterway cover for 
nesting; 83% of the partridge nests were found in roadside 
and fenceline cover. Only 2 pheasant nests and no partridge 
nests were found in hayfields. The number of successful 
partridge nests per hectare searched was highest for idle 
cover (0.30), but the estimated contribution to total produc­
tion was highest for roadside cover because of the greater 
amount of this cover type on the study area. Mean index to 
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density of vegetative cover was higher for pheasant nest sites 
than for partridge nest sites in 1977 (P < 0.001). Pheasant 
nests tended to be found in heavier cover than partridge 
nests. Cover types that pheasants used heavily for nesting 
in 1977 (drainage ditchbanks and grass waterways) had higher 
mean density indexes and lower mean-species richness than 
primary partridge nesting cover (roadsides) (P < 0.05). Over 
the 3 years of study, most partridge nests were found in the 
bottom of road ditches and secondarily on the inside next to 
fencelines, but the outside slope and shoulder were avoided. 
In contrast, pheasant nests were found most often near the 
road shoulder or fenceline, and only 2 nests were discovered 
in the bottom of road ditches. In 1977, mean density index 
of vegetative cover was highest next to the road shoulder, 
lowest in the bottom, and intermediate on the fenceline slope 
of road ditches on the study area (P < 0.05). The conclusion 
drawn from the analysis of nest sites and cover types was 
that the use of nesting cover was partitioned between par­
tridge and pheasants through selection of different cover types 
for nesting as well as selection of sites within cover types 
that had different amounts of vegetative cover present, at 
least in 1977. 
Prebreeding-population density estimates were 5.8 birds 
per km^ for 1975 and 5.6 birds per km^ for 1977; an estimate 
was not obtained for 1976. Over the 3 years of study. 
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spring-to-fall gain was more closely associated with an index 
to pair success than with mean brood size. Spring-to-fall 
gain and pair-success indexes were highest for 1976 and lowest 
for 1977. The trend in pair-success index was consistent with 
the observed proportion of adults in August roadside surveys 
that had broods. Over 3 years of study, the difference 
between the proportion of adults seen with broods during the 
August surveys (0.48) and the proportion of successful nests 
(0.26) was attributed to renesting; which may vary between 
years in relation to summer weather conditions. Renesting 
effort may have been low in 1977 because of relatively high 
temperatures in June and July. Based on a climographic 
analysis, mean monthly temperature and total monthly precip­
itation from May to August averaged over 30 years from data 
taken at Britt, Iowa were higher than the European optimum 
for gray partridge. Based on observations of broods of 
different ages, estimated mean survival rate of young from 
hatching to greater than 5 weeks of age was 0.62 for the Britt 
study area. Mean brood size for broods greater than 6 weeks 
of age was. 7.4 young. Early post-hatching mortality was 
relatively low in each of 3 broods monitored by telemetry. 
Finite rates of survival from hatching to 8 weeks of age 
ranged from 0.62 to 0.90 for these 3 broods. 
Death caused by collision with automobiles on gravel 
roads was the only mortality repeatedly observed. A total 
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of 20 chicks (all 6 to 7 weeks of age) and 2 adults killed by 
automobiles were found over the 3 years of study. Only 18 
hunting parties and a total of 31 hunters were encountered on 
weekend trips to the study area over all 3 years of study, 
and only 1 party was successful in bagging partridge. Clearly, 
hunting pressure and harvest of partridge were light on 
the study area. 
Management efforts to benefit gray partridge populations 
in Iowa should be directed at establishing and maintaining 
suitable nesting cover, especially in roadsides. Roadside 
mowing should be delayed until after the 2nd week in July to 
ensure that peak periods of hatching have passed. Landowners 
should be encouraged to establish grass-legume or native grass 
roadside vegetation and to avoid burning, grazing, and wide­
spread spraying of broad-leaf herbicides in roadsides and 
fencelines. Management should also involve public relations 
and education efforts to promote public awareness of gray 
partridge and cooperation between the Iowa Conservation 
Commission, landowners, and sportsmen. 
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APPENDIX 
Figures on the following pages represent total activity 
ranges and centers of activity of transmitter-marked 
partridge. Numbers refer to centers of activity for time 
periods: 1=1 Jan.-15 Mar., 2 = 16 Mar.-15 Apr., 3 = 16 
Apr.-15 May, 4 = 16 May-15 June, 5 = 16 June-15 July, 6 = 16 
July-15 Aug., 7 = 16 Aug.-15 Sep., 8 = 16 Sep.-31 Dec. 
N = nest site. C = capture site if different from nest site. 
Scale and figure legend are shown only on the 1st figure, and 
subsequent figures follow the same scale and legend. 
Figure Al. Activity range of Female 434, monitored from 
25 June 1975 to 14 January 1976. 
2 Area = 2.21 km . Linear range = 2.19 km 
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Figure A2. Activity range of Female 435, monitored from 
26 June to 11 December 1975. 
2 Area = 1.65 km . Linear range = 2.43 km 
Figure A3. Activity range of Female 436, monitored from 
7 July to 6 December 1976. 
2 Area = 0.59 km . Linear range = 1.11 km 
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Figure A4. Activity range of Female 437, monitored from 
8 February to 30 March 1977. 
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Figure A5. Activity range of Male 438, monitored from 
8 February to 23 August 1977. 
2 Area = 0.84 km . Linear range = 1.51 km 
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Figure A6. Activity range of Male 439, monitored from 
7 March 1977 to 29 April 1978. 
Area = 1.99 km . Linear range = 1.89 km 
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Figure A7. Activity range of Female 440, monitored from 
7 March to 7 September 1977. 
2 Area = 1.45 km . Linear range = 1.60 km. 
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Figure A8. Activity range of Male 441, monitored from 
19 March to 23 August 1977. 
2 Area = 13.08 km . Linear range = 6.03 km 
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Figure A9. Activity range of Female 442, monitored from 
15 June 1977 to 21 January 1978. 
2 Area = 1.22 km . Linear range = 1.77 km 
Figure AlO. Activity range of Female 443, monitored from 
25 June to 29 October 1977. 
2 Area = 3.66 km . Linear range = 3.43 km 
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